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SECTION I: OVERVIEW OF PROJECT GOALS 

This project was designed to investigate the usefulness 
of the myoelectric signal as a control signal in robotics 
applications. More specifically, the neural patterns 
associated with human arm and hand actions were studied in 
an attempt to determine the efficacy of using these myoelec- 
tric signals to control the manipulator arm of a robot. The 
advantage of this approach to robotic control was the use of 
well-defined and well-practiced neural patterns already 
available to the system, as opposed to requiring the human 
operator to learn new tasks and establish new neural 
patterns in learning to control a joystick or mechanical 
coupling device. 

Examples are readily available of the high-level skill 
possessed by humans in controlling their own limbs, despite 
the fact that this control requires mastering a neuromus- 
cular-skeletal complex with a myriad of degrees of freedom. 
The virtuosity of the concert pianist or the dexterity of 
the neurosurgeon, are but two examples from a world of 
possibilities. Mechanically recreating the kind of dex- 
terity exhibited in the above-mentioned examples was clearly 
beyond the scope of the proposed research. However, 
evidence of electromyographically (EMG) controlled limb 
behavior with a minimal, but sufficient, level of dexterity 
was available - in the area of prosthetics design and appli- 
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cation (Childress, 1973; 1982; Rubenstein, 1984). Thus, not 
only was there an intuitively logical basis for the proposed 
research, but part of the answer was already known. That 
is, under the right circumstances, neural signals can be 
utilized in the control of artificial, and perhaps, external 
limbs . 

A basic premise of prosthetics research, and the 
research presented here, was that the patient/sub ject 
utilized an endigenous neural pattern in concert with the 
musculoskeletal complex to control the artificial limb 
(Childress, Holmes, & Billock, 1974). The myolectric 
signals could be tapped from related muscles, or those 
muscles generally considered to be the "prime movers" or 
agonists of a particular limb action. It was hoped that a 
steep learning curve in control could, be avoided by tapping 
into the neural circuits of the non-pathologi ca 1 nervous 
system, and using the same agonist/antagonist muscle 
relationships (as known by their myoelectric signals) 
practiced and mastered over the years. 

Thus, it was an accomplished fact that the neural 
signal could be used to control an artificial limb. What 
was critical in the current investigation was determination 
of the usefulness of established neural patterns for con- 
trolling an external device with multiple degrees of free- 
dom. Such a determination required answering the following 
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questions. Could the myoelectric signals used for limb 
control be consistently reproduced? How susceptible was the 
recorded electromyographic pattern to changes in remote 
degrees of freedom? 

SECTION II: 

LESSONS OF PROSTHETICS AND ELECTROMYOGRAPHIC RESEARCH 
It has long been recognized that an internal process, 
such as muscle contraction, could be monitored through an 
associated external measure - recording of an electrical 
signal which accompanies the contraction process. The 
functionality of such a measure carries with it some limits 
and cautions. A brief discussion of the human neuromuscular 
system and some limitations to our interpretation of system 
function is useful in understanding the approach taken in 
this investigation. 

The functional unit of the muscular system, the motor 
unit (MU), is composed of a neuron and the muscle fibers 
(cells) that it innervates (Figure 1). Muscle contraction 
is ultimately the result of an electrical signal transmitted 
from nerve to MU. During gross motor task voluntary mus- 
cular action any number of MU s may be recruited. The number 
of MUs involved relates to the force requirements of the 
task. The greater the force, the larger the number of MUs 
involved (Burke, 1981). It is possible to monitor muscular 
activity by measuring the electrical signal which is a 
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Figure 1 . A motor unit. (Adapted from Muscles Alive (p. 7) 
By J, V. Basmajian, 1979, Baltimore: The Williams and 
Wilkins Company.) 
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byproduct of contraction; for like force output, the greater 
the number of active MUs, the greater the magnitude of the 
electrical signal recorded. Thus we derive a relationship 
between the magnitude of force, and the magnitude of 
electrical signal. This relationship is not linear under 
all circumstances, but under the controlled conditions of 
constant velocity muscle contraction it is interpretable 
(Bigland & Lippold, 1954; Stevens & Taylor, 1972). 

The organization of the human musculoskeletal system is 
such that limb behavior is controlled by agonist and an- 
tagonist muscular pairs. In a one-degree-of-f reedom task 
such as elbow flexion in the transverse (i.e. horizontal) 
plane, flexion of the forearm about the elbow is controlled 
by those muscles crossing anterior to the joint. Extension 
is controlled by muscles crossing posterior to the joint. 
Lack of motion is the result of either no active muscular 
force, or the cocontraction of agonist and antagonist muscle 
pairs such that the net torque created by their contraction 
is zero. Under constant velocity conditions the electrical 
activity emanating, from either muscle group may be inter- 
preted as a reasonably direct indication of active flexion 
or extension (depending on the activated muscle group) 
(Bigland & Lippold, 1954). So far the story is reasonably 
straightforward. However, numerous factors interact to 
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confound the interpretation of the myoelectric signal as an 
indicator of muscle force or position. 

Muscle force is modulated through MU recruitment and 
activation frequency (i.e. rate coding) ( Bigland -Ritchie , 
1981). Since these two factors also determine myoelectric 
activity it is logical to expect a relationship between 
muscle force and myoelectric activity. However, the nature 
of this relationship cannot be explicitly described for all 
circumstances . 

Difficulties arise in relating muscle force and 
myoelectric activity because they are derived through 
different means. Mechanical calculations of muscle moments 
(Muscle moment = muscle force times perpendicular distance 
to the point of force application from the point of 
rotation) obtained with an inverse dynamics approach assume 
that the sum of agonist and antagonist muscle activity for 
all muscles crossing the joint of interest has been included 
(e.g. Dul, Townsend, Shiavi, & Johnson, 1984). (Note: The 

validity of this assumption has been questioned but it is 
commonly used.) These calculations also presumably account 
for the potential force production of the series elastic 
component of the muscle. EMG data reflects only myo- 
electric activity from the contractile element of the muscle 
of interest (Winter, 1979) and usually only the 8gonist 
muscle(s) versus an agonist/antagonist pair. Thus 
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EMG/force relationships may vary because the internal esti- 
mate of muscle force (i.e. myoelectric activity) and the 
external estimate of muscle force (i.e. mechanical calcu- 
lations) are obtained in different ways. 

In addition, muscle force production depends upon 
factors independent of myoelectric activity such as movement 
velocity and muscle length ( Bi g.land-Rit chie , 1981). As 
movement velocity increases potential force production de- 
creases (Hill, 1938). As muscle length decreases, potential 
force production decreases (Gordon, Huxley, & Julian, 1966). 
EMG records reflect these factors but not in direct propor- 
tion to muscle force changes (Bigland & Lippold, 1954). 
Faster movements create greater integrated EMG records, but 
less force. Concentric muscle contractions (i.e. decreasing 
muscle length) which have less potential force production 
(Winter, 1979), produce greater integrated EMG records than 
eccentric contractions (i.e. increasing muscle length). 

So the demands of the task may influence the EMG/force 
relat ionship . 

Physiological differences also hamper the interpre- 
tation of EMG as muscle force. Under fatiguing conditions 
accompanied by decreased force generation (this was not a 
factor in collection of these data but may be a factor in 
the application of these data) the EMG record will increase 
(Asmussen, 1979; Edwards, 1981). This increase, normally 
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attributed to increased MU recruitment thus increased force 
production, may be caused by synchronization of MU firing or 
changes in action potential size associated with fatigue 
C Bigland-Ri tchi e , 1981). Temperature changes also alter the 
action potential size and influence the EMG record (Bigland- 
Ritchie, 1981). Thus increased EMG activity may not indi- 
cate increased force production. 

The size of the myoelectric signal varies with the size 
of the MU potential which may be influenced by fiber type 
(Bigland-Ritchie , 1981). MUs composed of mostly fast twitch 
muscle fibers produce larger electrical responses than MUs 
composed of mostly slow twitch muscle fibers. This may not 
seem important to EMG/force relationships since faster MUs 
are usually recruited for high force short duration tasks 
and slower MUs are recruited for lower force longer duration 
tasks (Henneman, 1974). However, muscles differ in their 
dependence upon rate coding and recruitment for force gener- 
ation. For example, in the adductor pollicus and first 
dorsal interosseous muscles of the hand all MUs are re- 
cruited at 30-50% of the maxium voluntary contraction (MVC), 
but in the biceps brachii new MUs are recruited at forces 
greater than 85% of the MVC (Bigland-Ritchie, Kukulka & 
Woods, 1980). In addition, under conditions of high force 
generation increases in activation may exceed the tetanic 
fusion frequency of the muscle. As a consequence the EMG 
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record increases disproportionately to the force produced 
(Bi gland -Ritchie, 1981). Thus the use of different, 
strategies for force production may create different 
EMG/force relationships. 

Morphological differences such as distribution of MU 
types throughout a muscle create additional problems 
(Bigland-Ritchie , 1981). Slower MUs tend to be less 
superficial than faster MUs (Burke, 1981). Surface elec- 
trodes (invasive electrodes were unrealistic in our current 
investigation and in prosthetic design) when properly 
secured directly over the muscle belly pick up EMG activity 
at the surface from a small part of the muscle. Thus 
signals removed from the recording site may not be fully 
detected. If slower MUs have been selectively recruited, 
the EMG record and the actual force generated would be dis- 
proport ional . In addition, since surface electrodes are 
sensitive to all electrical signals within a given range 
signals from active muscles removed from the primary site 
may interfere with a clean recording from the muscle of 
interest . 

In addition to the aforementioned factors which make 
the interpretation of EMG activity as muscle force or 
position difficult, there are methodological considerations. 
Selection of surface electrodes may influence the EMG/force 
relationship; monopolar electrodes tend to show linear 
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relationships, bipolar tend to show nonlinear relationships 
(Moritani & deVries, 1978). Since surface electrodes are 
sensitive to a variety of signal sources and pick up a 
global signal, proper positioning of the electrode relative 
to the active muscle is imperative. This becomes a sub- 
stantive issue when the electrical activity of deep versus 
superficial muscles is of prime concern. As will be pointed 
out in discussion of the data, the inability to accurately 
monitor deep muscles hindered the recording of activity 
related to certain gross motor movements (e.g. differ- 
entiation of forearm pronation/supination from wrist 
flexion/extension; and internal rotation of the humerus at 
the shoulder from external rotation). Movement artifact 
also is of concern. Electrodes must be sufficiently secured 
so that external surface shape changes, due to underlying 
muscle movement, do not disrupt the integrity of the 
electrode contact. 

So to name EMG activity as muscle force and thus an 
indicatorof position would be a misnomer. In fact the 
reported relationships between EMG and muscle force vary 
from linear (Bigland & Lippold, 1954; Stevens & Taylor, 
1972), to quasilinear (Lawrence & DeLuca, 1983), to non- 
linear (Bigland-Ritchie , Kukulka & Woods, 1980), to log- 
arithmic (Perry & Bekey, 1981). Given the influences of 
task conditions and methodology perhaps Lawrence and DeLuca 
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(1983) summed it up best: the EMG/force relationship is 
determined by the muscle under investigation. For this 
study this means that comparison of the EMG data as a repre- 
sentation of force or position is confined: myoelectric 
activity from two muscles of the same subject, from the same 
muscle of two different subjects, and from two different 
muscles of two different subjects can not be compared in 
terms of force or position. 

SECTION III: METHODS AND INSTRUMENTATION 
The project, conducted in two phases, involved simul- 
taneous collection of EMG signals and the corresponding limb 
displacement data. These data were collected by an opto- 
electronic imaging system with synchronized analog signal 
recording capabilities, in Phase I, and by a Sperry IT 
microcomputer equipped with digital oscilloscope software 
(CODAS), in Phase II. Investigations were limited to one 
and t wo-degree-of-f reedom movements of the upper extremity. 
Table 1 contains a listing of the movement conditions 


studied . 
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Table 1: Movement Tasks and Conditions 

Task 

Musculature 

Special 

Conditions 

Elbow flexion/ 
extension 

biceps brachii 
triceps brachii 
anterior deltoid 

sagittal plane 
(across speeds; 
^accelerated 
movement w/ 
isometric ) 

Elbow flexion/ 
extension 

biceps brachii 
triceps brachii 

transverse 
plane (w/ and 
w/out cocon- 
traction ; 
^across speeds) 

Shoulder flexion/ 
extension 

biceps brachii 
anterior deltoid 

sagittal plane 

Shoulder abduction/ 
adduction 

middle deltoid 
posterior deltoid 
pectoralis major 
trapezius 

frontal plane 
(“across speeds; 
"w/ and w/o 
cocontraction ) 

Shoulder internal/ 
external rotation 

infraspinatus 
teres major 
anterior deltoid 
pectoralis major 

transverse 
plane (w/ and 
w/out cocon- 
traction) 

Grasping. 

forearm flexors 
forearm extensors 

*w/ & w/out 
cocontraction 

Wrist flexion/ 
extension 

forearm flexors 
forearm extensors 

^sagittal plane 

(accelerated 
movement w/ 
isometric) 
"transverse 
plane 

Forearm pronation/ 
supination 

supinator 
pronator teres 
biceps brachii 

^w/ & w/out 
cocontraction 

Thumb abduction/ 
adduction 

adductor pollicus 

b w/ & w/out 
cocontraction 
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Table 1: Movement Tasks and Conditions 

(cont * d) 

Task 

Musculature 

Special 

Conditions 

Fifth digit (pinky) 
abduction/ adduction 

abductor digiti 
minimi 

^transverse 

plane 

Reaching 

biceps brachii 
triceps brachii 
anterior deltoid 
latissimus dorsi 
posterior deltoid 

sagittal plane 
(w/ & w/out 
cocontraction : 
across speeds) 


Note . All tasks were conducted in both phases unless 
otherwise noted. 

^Conducted only in Phase I. 

"Conducted only in Phase II. 

Phase I Position-time Data 

A SELPOT II opto-electronic imaging system was used to 
collect position-time data for limb displacements. The 
SELSPOT system is a video camera system sensitive to infra- 
red light. Small infra-red (950 nm) light emitting diodes 
(LED) are used to mark joint centers so that rigid body 
motion may be recorded. A dedicated PDP 11/23 LSI computer 
coordinated the data collection tasks and synchronized the 
simultaneous acquisition of displacement data with analog 
inputs. Using a two-camera system, the 3-dimensional 
coordinates for any LED marked point in space could be 


determined 
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Phase II Position-time Data 
Position-time data were collected using, a goniometer 
(i.e. two dowel rods attached to a potentiometer) interfaced 
with a Sperry IT microcomputer equipped with analog to 
digital conversion capabilities and CODAS, digital oscillo- 
scope software. The goniometer detected changes in joint 
angle as changes in voltage. This signal was stored on disc 
and displayed in real-time. Position-time data were avail- 
able for only one joint during each task and due to the size 
of the potentiometer, unavailable for smaller joints (i.e. 
first carpometacarpal and fifth metacarpophalangeal joints). 

Electromyographic Data (Phases I and II) 

The Motion Control Myolab II (Model ML-200) equipped 
with a preamplifier (Model ML-220) was used to moniter the 
EMG signal. Surface electrodes were attached to the skin 
directly over the motor point(s) of the muscle(s) under 
investigation. The detected EMG signals were amplified and 
filtered (Preamplifier filter bandwidth = 9 Hz - 27 kHz; 
Myolab filters = second order high frequency filter (roll- 
off = 1000 Hz) and third order low frequency filter (roll- 
off = 50 Hz)). The conditioned analog (i.e. EMG) signals 
were converted to digital signals and stored on disc. An 
analog representation of the signal, either the integrated 
EMG or the raw EMG, was viewed during the task in Phase II 
but unavailable until after the task in Phase I. The simul- 
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taneous collection of EMG and limb displacement data were 
synchronized through the use of a PDP 11/23 LSI computer in 
Phase I, and a Sperry IT microcomputer system in Phase II. 

SECTION IV: ANATOMICAL AND MOVEMENT REFERENCES 
All anatomical references are given with respect to the 
three cardinal planes of motion and three orthogonal axes 
about which segmental rotations occur. Figure 2 shows the 
sagittal, frontal, and transverse planes with the cor- 
responding axes. The reference positions for all movements 
are depicted in Figure 3. 

SECTION V: TASK DEFINITIONS AND DATA 
Elbow Flexion/Extension 
1.0 Anatomical Considerations 
Multiple muscles cross the elbow joint, the moment arms 
of which create varying influences on the flexor and exten- 
sor torques at the elbow. Three of these muscles act as 
primary elbow flexors during concentric contraction; 
brachialis, the brachioradialis and the biceps brachii, 
(Figure 4a,b,c). The biceps brachii, a two-joint muscle 
which crosses the elbow and shoulder, is the most super- 
ficial muscle of the upper arm. Except under circumstances 
of high load, the role of the biceps at the shoulder is 
generally small. However, since the biceps attaches to the 
radius its role at the elbow is directly influenced by 
forearm position. Thus the biceps brachii is defined as an 














(c) 

Figure 4. Primary elbow flexors: (a) bracialis, (b) 
brachioradialis , (c) biceps brachii. (Adapted from 
Kinesiology : Scientific Basis of Human Motion 
(p . 86 , 119-1 20) by K. Luttgens and K. F. Wells, 1982, 
Philadelphia: Saunders.) 
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elbow flexor and forearm supinator. With the forearm in the 
semi-prone (or neutral) position the biceps has it greatest 
mechanical advantage. 

The brachialis, a single-joint muscle, is considered 
the primary elbow flexor. The brachialis is in large part 
covered by the biceps brachii and only in the lower third 
and medial aspect of the upper arm may the brachialis be 
palpated directly. With an insertion on the ulna, the 
mechanical advantage of the brachialis is independent of 
forearm position (e.g., magnitude of pronation or supin- 
ation). 

The brachioradialis , a two-joint muscle crossing the 
elbow and wrist, originates just above the humeral epi- 
condyles and inserts at the distal end of the radius. The 
bulk of the brachioradialis lies along the forearm. Because 
of the small moment arm created by the tendon of the 
brachioradialis as it crosses the elbow joint, its role is 
predominantly one of elbow stabilization. 

The triceps brachii, a two-joint muscle (Figure 5) 
crossing the shoulder and elbow, acts as the agonist in 
forearm extension against resistance. The triceps is not a 
prime mover at the shoulder but the influence of shoulder 
position on triceps activity must be kept in mind. 

Control of limb behavior is the result of interaction 
among those muscles crossing the joint; their levels of 
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activation and any mechanical biases operating on the 
muscles. Thus, a complete description of elbow joint 
control must consider not only activation of the agonist 
muscles but also (1) angle at the shoulder, (2) forearm 
position, (3) elbow angle, and (4) external force 
considerations (e.g., effects of gravity). 

1.0.1 Position at the Glenohumeral Joint (Shoulder Angle) 

Consideration must be given to the degree of flexion or 
extension present at the glenohumeral joint (shoulder) due 
to the two-joint involvement of the biceps and triceps 
brachii. The nature of a two-joint muscle will influence 
the excursion ratio of that muscle during performance of the 
task. A full range of motion (ROM) may be impossible to 
achieve if simultaneous flexion or extension of multiple 
joints is required. In such a case, it is often helpful to 
maintain muscle stretch across one joint while the muscle 
affects the action at the next joint. 

In the present study, the excursion ratio of the biceps 
brachii is more of an academic concern than one of practical 
importance. Although a two-joint muscle, examination of the 
proximal attachments of the biceps reveals that its function 
will be affected in small measure by any change in the 
degree of shoulder flexion. The attachments for both the 
long and short heads of the biceps are on the lateral and 
anterior aspects of the glenohumeral structure. Thus 
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shoulder position within the range of FSP to 90° of flexion 
would not appear to appreciably change either the amount of 
stretch in the biceps or the relationship of the line of 
pull to the axis of rotation at the elbow joint. In con- 
ditions of light load (e.g., arm supported in a 90° shoulder 
flexed position) shoulder angle should not have a signifi- 
cant influence on biceps activity. However, under dynamic 
conditions, or non-support of an extended arm, the biceps 
may be involved in stabilization of the shoulder joint. 

1.0.2 Degree of Forearm Supination or Pronation 

Consider the three primary elbow flexors; biceps 
brachii, brachialis, and the brachioradialis . The distal 
attachment of the brachialis is on the ulna. Forearm 
position will not affect the action of this muscle as 
pronation and supination are related to changes in position 
of the radius about the ulna. However, both the biceps 
brachii and the brachioradialis have attachments on the 
radius so that their strength in elbow flexion will be 
affected by forearm position. 

Numerous studies have used the elbow joint as the 
investigative site for studying, muscle interactions 
(Basmajian & Latif, 1957; Doss & Karpovich, 1965; Hagberg, 
1981; Hagberg & Ericson, 1982; Liberson, Dondey & Maxim, 
1962; Lloyd, 1971; Rodgers & Berger, 1974; Singh & 

Karpovich, 1966; Wakim, Gersten, Elkins, & Martin, 1950). 
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The most thorough of these was the investigation of elbow 
flexor strength undertaken by Basmajian & Latif (1957). In 
this study the level of electrical activity of the biceps 
brachii (long and short heads), brachialis, and brachio- 
radialis was identified under conditions of flexion, exten- 
sion, and isometric contraction at angles of 135° and 90°. 
During slow flexion of the forearm under load, the short 
head of the biceps, the brachialis and the brachioradiali s 
showed the greatest EMG activity with the forearm in the 
semi-prone postion. During quick flexion under load, the 
supinated position displayed the highest level of EMG 
activity in all muscles except the brachioradialis . During 
position maintenance tests at 135° and 90* the supinated 
position was preferred for biceps strength, but the semi- 
prone or prone position was preferred for brachioradialis 
strength. Finally it was observed that during elbow flexion 
maximal EMG activity occurred in all three muscles with the 
forearm in the semi-prone position. 

If biceps activity is of primary concern, then the 
prone forearm position is contraindicated. This position 
substantially reduces the involvement of the biceps in quick 
and slow flexion (Basmajian & Latif, 1957). The semi-prone 
postion is best suited to the study of the integrated 
activity of the three elbow flexors. 
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1.0. 3 Angle at the Elbow Joint 

Isometric strength at the elbow has been studied 
throughout the range of 60° to 150® ( Lloyd, 1971; Singh & 
Karpovich, 1966, 1967; Wakim, et al., 1950). With little 
question the greatest strengths are exhibited between 80* 
and 115°(Singh & Karpovich, 1966, 1967). 

1.0. 4 Effects of External Forces 

Textbook definitions of muscle function define the 
muscles crossing anterior to the elbow as forearm flexors, 
and those muscles passing posterior to the joint axis as 
forearm extensors. This definition is true only under 
conditions of concentric contraction and a freely moving 
distal segment (i.e., the forearm is not fixed). With 
free motion in the sagittal plane, e.g., forearm rotation 
about the bilateral axis, the anterior muscles (bra- 
chialis, biceps brachii, and brachioradialis) are re- 
sponsible for forearm flexion. If gravity is the only 
resistance offered to the flexion, then forearm ex- 
tension is also controlled by the anterior muscles. 

The "flexors" control the extension through an eccen- 
tric contraction, or a lengthening under tension. 

Thus, even though the triceps brachii is the defined fore- 
arm extensor, the triceps acts as an extensor only 
against resistance. For sagittal plane motion, gravity 
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is an external force acting on the limb which is controlled 
eccentrically by the forearm flexors. 
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1.1 Elbov Flexion Flexion/Extension Data 
1.1.1 Elbow Flexion/Extension; Sagittal Plane 


Specia 1 conditions : Slow, moderate and fast speeds 

Phase I EMG; biceps brachii, anterior deltoid 
'Phase II EMG: biceps brachii, triceps brachii 


Phase I description: Initial position; arm hanging 
relaxed at the side. The movement was forearm flexion and 
extension. Thus the forearm was flexed to a 90° angle with 
the humerus and returned to the FSP position. 

Phase II description: Same as Phase I except forearm 
was moved through entire ROM at the elbow (i.e. from FSP to 
30° angle with the humerus and back to FSP). 


Phase I figures: D1 a,b,c; slow: D2 a,b,c; moderate. 

Top strip chart ( 1 Y) = displacement representing a change in 
elbow angle. Peaks (e.g. 850 mm) indicate maximum flexion; 
valleys (e.g. 250 mm) indicate maximum extension. Second 
strip chart (1A) = EMG recording from the biceps . Third 
strip chart (2A) = EMG recording from the anterior deltoid . 

Phase II figures: D3 a,b,c,d; moderate: D4 a,b,c,d; 
fast. EMG data from the biceps and triceps is displayed in 
the top graphs of D3a,c, and D4a,c. Bottom graphs (D3a,c;- 
D4a,c) = displacement representing a change in the elbow 
angle (peaks indicate maximum flexion; valleys indicate 
maximum extension). Top graph = raw EMG data from the 
triceps (D3b,d) and biceps (D4b,d). Bottom graph = EMG data 
from the triceps (D3b.d) and biceps (D4b,d). 


Observations : 


Phase I: The biceps was monitored as prime mover for 

forearm flexion. As seen in other sagittal plane movement 
trials the biceps pattern correlated well with the position- 
time curve for the forearm. In anticipation of performing 
multi-segmented tasks, the deltoid was monitored for a 
response to forearm action. For example, in a reaching 
task, the deltoid might be used as the source for a shoulder 
flexion control signal. How contaminated might that signal 
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be by distal limb behavior? 

Under conditons of slow movement, the deltoid showed 
undifferentiated activity (Figures Dla,b,c). This pattern 
was interpreted to be little more than noise. Under faster 
movement conditions however, a definite deltoid pattern 
became evident (Figures D2a,b,c). In this case, the deltoid 
peak which occured at the end of forearm extension, may be a 
stabilizing activation evoked to control arm swing created 
by the momentum of the forearm returning to FSP. 

Phase II: The function of the biceps/triceps pair were 

established for elbow flexion/extension to show the lack of 
dependence upon the triceps during elbow extension in a 
gravitational environment. As in Phase I, the biceps 
activity pattern correlated well with elbow flexion and 
extension at both movement speeds (Figures D3a,c, D4a,c). A 
slight peak in tricep activity just prior to joint reversal 
(i.e. from flexion to extension) was probably responsible 
for decreasing the speed of flexion in preparation for 
extension. At the moderate movement speed (Figure D3a,c) 
tricep activity also peaked at maximum extension (i.e. where 
the displacement graph flatlines along the baseline). This 
activity was probably evoked by hyperextension of the elbow 
joint, which was beyond the range of detectable goniometer 
signals. There also was a slight peak in bicep activity at 
this time which may have corresponded with s stretching of 
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the biceps due to elbow hyperextension. The correspondence 
between the raw and IEMG tricep data (Figures D3b,d) was 
better than that between the raw and IEMG bicep data 
(Figures D4b,d). 
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Figure D1 . 

Elbow flexion/extension 
in the sagittal plane. 
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Figure D2. 

3,000 Elbow flexion/extension 
in the sagittal plane. 
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MOVEMENT SPEED t Medium SAMPLING RATE: 400 Samples/Sec/Channel 
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1.1.2 Elbow Flexion/Extension; Sagittal Plane 

Special conditions; Accelerated movement between joint 
reversals and isometric contraction at joint reversal (Phase 
II only) 

EMG : biceps brachii and triceps brachii 

Description: Inital position; arm hanging relaxed at 
the side. The movement was forearm flexion and extension 
through the entire ROM at the elbow joint (i.e. from FSP to 
30° angle with the humerus and back to FSP). 

Figures: D5 a,b. 

Top graph = EMG data from the biceps and triceps . Bottom 
graph = displacement representing a change in elbow angle 
(peaks indicate maximum flexion; valleys indicate maximum 
extension ) . 

Observations: 


As 

in th 

e .previous 

sagittal 

plane 

movement 

tri 

als, thi 

bicep a 

ctivit 

y pattern 

correlated 

well 

with the 

cha 

nge in 

joint a 

ngle ( 

Figures D5 

a,b): incr 

eased 

activity 

wit 

h elbow 

flexion 

; deer 

eased acti 

vity with 

elbow 

extension 

t . 

The 

gradual 

taper 

ing off of 

bicep act 

ivity 

at maximum f 

lexion 

reflect 

ed the 

isometric 

contracti 

on . 

In this ac 

:cel 

er ated 


movement task the tricep appeared to play an active role 
during the later part of forearm extension evidenced by a 
rise in activity which peaked just before maximum extension 
and gradually tapered off with the isometric contraction. 
Biceps activity also increased slightly prior to maximum 
elbow extension to slow the limb as joint reversal was 
approached. There was actually slight elbow flexion and 
then extension before the limb was held in an isometric 
contraction at maximum extension (Figure D5a). 
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These data showed the importance of agonist /antagonist 
muscle pairs in controlling a limb and holding it in a 
certain position. The muscles worked together to slow the 
limb, reverse its direction and initiate movement in the 
opposite direction. In addition to holding a limb in 
position at the extremes of its ROM, agonist activity must 
be coordinated with antagonist activity (Figures D5a,b). 
This coordinated effort will be seen again throughout these 
data. 




41 


H 

Z 

til 

£ 

til 

> 

o 

£ 


H 

0 ) 

c 

c 

o 

£ 

u 

s 

u 

di 

W 

V 

CD 


D 


dl 

dl 



0 

til 


c 

H 


c 

-w 

t- 


0 

a 


0 

0 

•« 


H 

E 


-H 

c 

X 


X 

(0 


X 

0 

ui 



in 


dl 

-p 

-1 


H 



•H 

X 

Ul 


0 

n 


X 

u 

u 


-P 

n 




u 

z 

■P 

n 


» 

* 

< 

o 

•H 



0 

0 


w 

0) 



XI 

X) 

x 

H 

0 

•• 


H 

H 

u 

M 

W 

id 


ui 

u 

M 

w 


f- 




=J O 

dl 

< 


1 

1 

3 CL 

£ 

z 


1 

1 



■P 





l 

Q 


a 


dl 

0 


_] 

C 

z 


TJ 

•o 

z 

u 

■H 

M 


3 

3 

o 

X 


-1 


-P 

■P 

M 


■P 

X 


-H 

-H 

in 

X 

c 

£ 


C 

C 

z 

c— 

d) 

< 


D) 

0) 

til 

M 

E 

W 


0 

0 

t- 

* 

dl 



£ 

£ 

X 


> 





w 


0 

■P 


H 

H 



£ 

CD 


0 

0 

•0 



0 


C 

C 



•P 

X 


oi 

0) 

z 


0 



■H 

■H 

o 


XI 



in 

ui 

M 


0 

•• 




X 


X 

Q 

•• 

0) 

0) 

u 



U1 

X 

c 

c 




til 

dl 

■H 

-H 

x 



X 

X 

0 

0 




in 


0 

0 

* 




u 

0 

0 

o 



H 

dl 

U 

U 

CO 



Z 

■p 

0 

0 

_] 



til 

di 

c 

0 

u 



£ 

E 

M 

a 




til 

0 



• 



> 

■w 



o 



O 

c 



m 



£ 

0 



o 




CD 



0) 







p 







p 







u 







■H 







Ok 









42 



Ol 

c 


c 


H 



a 




Z 



X 




U 1 



u 




£ 



\ 




U 



0 




> 



Oi 




o 



0 




E 



X 







ID 



c 

Q 


Ql 

Ql 



0 

U] 


C 

H 


c 

•P 

H 


a 

a 


0 

ID 

< 


H 

E - 


■P 

c 

a 


CL 

0 


X 

Ql 

u 



in 


a* 

-P 

_i 


<-4 



»P 

X 

u 


0 

n 


u. 

u 

u 


-P 

n 




u : 

z 

■P 

n 


> 

* 

< o 

-H 



0 

0 

{ 

H 

0 ) 



X 

X 

1 

H 

a 

•• 


H 

H 

a m 

0 

in 


u 

u 

m 0 


H 




3 o 

ai 

< 


1 

1 

a cl 

X 

X 


1 

1 



•p 





i i 

Q 


0 


ai 

Ql 


J 

c 

z 


•0 

TJ 

z u 

•H 

M 


3 

3 

O X 


J 


•P 

X 

w 


■P 

Ql 


-P 

■P 

in : 

X 

c 

E 


c 

c 

Z I 

H 

Ql 

< 


0 ) 

C 

U 1 

H 

£ 

0 


0 

0 

H : 

3 fc 

Ql 



E 

E 

X 


> 





u 


0 

■P 


H 

H 



E 

0 


ffi 

a 

•a 



0 


C 

c 



■P 

u. 


0 ) s 

z 


0 



-P 

-P 

o 


XI 



0 

0 

M 


0 

•• 




X 


X 

Q 

• • 

0 ) 

0 

u 



U 

X 

c 

c 

-4 



U 

01 

*P 

-H 

U. 



a. 

z 

to 

ID 




0 


a 

a 

* 




u 

Ql 

Ql 

o 



H 

n 

Li 

Li 

00 



Z 

■p 

U 

0 

-J 



u 

a* 

C 

Qi 

u 



E 

E 

M 

a 




U 

0 



• 



> 

tH 



LO 



o 

c 



m 



E 

0 



« 




0 




0 ) 

t-i 

s 

oc 

•H 





NAG 5-895 EMG Signals 

43 


1,1,3 Elbow Flexion/Extension; Transverse Plane 

Special conditions; With and without cocontraction 

Phases I & II EMG; biceps brachii and triceps brachii 

Phase I description; Upper arm was abducted 60^-80® from 
FAP. Elbow was placed coincident with the axis of rotation 
of a mechanical arm which moved in the transverse plane. A 
light grasp was maintained on the handle at the distal end 
of the mechanical arm, resulting in a supinated forearm 
position. Movement was initiated from a 90® elbow position; 
the forearm was extended to approximately 120° and returned 
to the starting position. 

Phase II description: The same as Phase I except the 

movement began from an extended forearm position (elbow 
angle = 130°). The forearm was flexed to form a 30° angle 
with the humerus and then returned to the starting position. 

Phase I figures: D6 a , b , c ; no cocontraction: D7 a,b,c; 
cocontraction; D8 a,b; cocontraction. Top strip chart (7Z) 

= displacement representing a change in elbow angle. Peaks 
(e.g. 500 mm) indicate maximum flexion; valleys (e.g. 250 
mm) indicate maximum extension. Second strip chart (1A) = 
EMG recording from the triceps . Third strip chart (2A) = 

EMG recording from the 'bleeps 7 

Phase II figures: D9 a,b,c; D10 a,b,c; Dll a,b,c; 
cocontraction. EMG data from the biceps and triceps is 
displayed in D9b , DlOb, Dllb and the top graphs of D9a, 

DlOa, and Dlla. Displacement representing a change in the 
elbow angle (peaks indicate maximum flexion; valleys 
indicate maximum extension) is displayed in D9c f DIOc, Dllc 
and the bottom graphs of D9a , DlOa, and Dlla. 

Observations : 

Phase I: The triceps is the agonist for extension and 

in the transverse plane acts as the prime mover. EMG 
activity rose (1A) during extension, leveled off at peak 
extension, and slowly declined as the forearm was slowed and 
ultimately reversed by the biceps (2A). Triceps activity 
reliably, coincided with the extension movement phase. 


The biceps is the agonist for flexion. During the 
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initial extension phase, biceps activity would not neces- 
sarily be expected. The low-level biceps activation ob- 
served may have been induced by a passive stretch resulting 
from the act of extension. A steep rise in biceps activity 
was expected prior to full extension as biceps activation is 
required to slow extension and reverse forearm direction. 

The greatest biceps activation was observed coincident with 
forearm reversal (Figures D6a,b,c). 

Although the triceps and biceps showed the expected 
phase relationships with the displacement pattern, the EMG 
patterns showed large variations from trial to trial. 

Trials performed under conditions of cocontraction 
(Figures D7a,b,c, D8a,b) showed no significant change in the 
EMG phase relations. The baseline level of EMG was somewhat 
elevated and variability from trial to trial persisted. 

Phase II; Data collected on the same transverse plane 
elbow flexion/extension task during Phase II was quite 
different than that collected during Phase I. Bicep 
activity did increase with forearm flexion and decrease with 
forearm extension (Figures D9, DIO, Dll). However, tricep 
activity appeared to be unrelated to elbow extension, even 
in the trial involving cocontraction. 

The lack of relationship between tricep activity and 
elbow extension may have been related to the sampling rate 
(i.e. 40 samples/second). Signals need to be sampled at a 
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frequency at least twice as great as the highest frequency 
in the sampled signal (Winter, 1979). If the sampling rate 
is too slow, aliasing errors produce a false signal. For 
these data, any frequency greater than 20 Hz. was not 
adequately represented in the EMG record. Thus, the data 
from Phase II demonstrated that sampling rate must be 
selected in accordance with the range of potential signal 
frequencies to be detected. Violation of this principle 
would result in inadequate limb control. 
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1,1.4 Elbow Flexion/Extension; Transverse Plane 

Special conditions; Slow and moderate speeds (Phase I 

only ) 


EMG : biceps brachii and triceps brachii 

Description : Upper arm was abducted 60-80® from FAP 

(fundamental anatomical position). Elbow was placed co- 
incident with the axis of rotation for a mechanical arm 
which moved in the transverse plane. A light grasp was 
maintained on the handle at the distal end of the mechanical 
arm, resulting in a supinated forearm position. Movement 
was limited to an approximate 30® range. Two speeds were 
assessed: (1) approximately 80® /second (slow), (2) approxi- 
mately 140® /second (moderate). 


Figures : D12 a,b,c. 

Top strip chart (8Y) = displacement representing a change in 
elbow angle. Peaks (e.g. 400 mm) indicate maximum flexion; 
valleys (e.g. 80 mm) indicate maximum extension. Second 
strip chart (1A) = EMG recording from the biceps . Third 
strip chart (2A) = EMG recording from the triceps . 

Observations : 


At slow speeds, EMG activity was less distinctive. 
Although the triceps continued to bear good phase relations 
with extensor movements, biceps activity was less definitive 
(Figures D12a,b). At moderate speeds, however, a much more 
distinctive pattern emerged (Figure D12c). Two points can 
be made. First, at slow speeds it was biceps activity which 
appeared quite undifferentiated by movement phase. This 
lack of a movement related activation pattern may have been 
due to the difficulty of monitoring the activation of 
multiple muscles responsible for elbow flexion. Without 
external resistance, slow-speed flexion may not have re- 
quired biceps involvement as much as brachialis involvement. 
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As previously described, monitoring the brachialis was 
problematic due to its position under the biceps. It was 
because of this kind of 'load sharing' problem that 
cocontraction movements were also studied. 

The second point to be made is that at moderate speeds, 
arm reversal from extension to flexion appeared to be con- 
trolled by bursts of biceps activity. Rather than con- 
tinuous activation, the EMG level rose sharply near re- 
versal, and subsided during the flexion phase to a rela- 
tively low baseline level by the time of full flexion. The 
strategy in the moderate speed movement appeared to be one 
of ballistic control. The EMG burst resulted in reversing 
the extension, and supplying sufficient torque to allow the 
flexion movement to continue ballistically . At reversal 
from flexion to extension, a steep rise was seen in triceps 
activity, but with more slowly declining EMG levels over the 
course of the extension. The extension phase, though no 
different in duration from flexion, showed a more continuous 
EMG activation in the triceps. 





















NAG 5-895 EMG Signals 

61 


Humeral Movement-Shoulder Joint Complex 
2.0 Anatomical Considerations 
Movement at the shoulder is the result of integrated 
action among four articulations: (1) glenohumeral, 

(2) sternoclavicular, (3) acromioclavicular, and 
(4) scapulothor acic (Inman, Saunders, & Abbot, 1944; 

Engin, 1980). The glenohumeral articulation was of primary 
interest in the present study. However, some consideration 
must be given to the other joints because of the multi- 
articular muscle involvement and the subsequent effect on 
obtaining clean data for upper arm movements. Complications 
arising from the architecture of the shoulder complex will 
be discussed below. 

The glenohumeral articulation is an enarthrodial (ball- 
and-socket) joint created by the upper arm (humerus) and the 
scapula. Three degrees of freedom are possible at the 
glenohumeral joint (Figure 6): (1) flexion/extension in the 
sagittal plane, about a bilateral axis, (2) abduction and 
adduction in the frontal plane about a anterior-posterior 
axis, and (3) internal/external rotation in the transverse 
plane about a polar (i.e. vertical) axis. Prime movers for 
each degree of freedom are listed below: 



ro|hr) 



abduct 

transverse plane. (Adapte 
Approach for Studying, Human Movement (p. 105, 108, 110) by 
E. Kreighbaum and K. M. Barthels, Minneapolis: Burgess.) 
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Action 

Prime movers 

Flexion 

Deltoid (anterior portion) 

Pectoralis major (clavicular portion) 
Biceps brachii 

Extension 

(against 

resistance) 

Latissimus dorsi 
Teres major 

Abduction 

Deltoid (middle portion) 
Deltoid (anterior portion) 
Supraspinatus 

Adduction 
(against 
resistance ) 

Latissimus dorsi 
Teres major 

Internal 

rotation 

Deltoid (anterior portion) 

Subscapularis 

Teres major 

External 

rotation 

Infraspinatus 
Teres minor 

Elevation 
of the 
shoulder 
girdle 

Trapezius (parts I & II) 


Note . See Figures 8 and 9. 

2.0.1 Integrated Movement 

In elevation of the humerus, both in flexion and 
abduction, movement at the glenohumeral joint is accompanied 
by movement at the scapulothoracic joint. During the first 
30-60* of elevation, movement at the two joints is somewhat 
individually patterned. Once above 3(f-60° , however, a 
consistent 2:1 movement relationship between glenohumeral 
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Figure 7. Anterior view of chest and upper arm muscles: (a) 
superficial muscles, (b) deep muscles. (Adapted from 
Kinesiology; The Science of Movement (p. 72) by J. Piscopo 
and J. A. Baley, 1981 , New York: Wiley . ) 
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Figure 8. Posterior view of back and upper arm muscles: (a 
superficial muscles, (b) deep muscles. ((a) adapted from 
Kinesiology: The Science of Movement (p. 71) by J. Piscopo 
and J. A. Baley, 1981, New York: Wiley: (b) Adapted from 
Kinesiology : Scientific Basis of Human Motion (p. 89) by K 
Luttgens and K. F. Wells, 1982 , Philadelphia : Saunders.) 
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and scapulothor acic movement is observed. For every 15° of 
humeral elevation, 10® is the result of glenohumeral move- 
ment; 5® is the contribution of scapular rotation. Because 
of the multi-articular interactions, isolation of movements 
for the purpose of recording EMG is difficult. And, in any 
'natural 1 movement, multiple muscle activations occur for 
the purpose of either executing the intended movement, or 
stabilizing other articulations in the shoulder complex. 
Additionally, the superficial vs deep topographical rela- 
tionship among shoulder-complex muscles increases the 
difficulty of obtaining clean EMG data from prime movers in 
certain actions. Examples of this difficulty are addressed 
in the discussion of specific data sets. 

2.0.2 External Force Considerations 

As previous described relative to elbow flexion and 
extension, gravity plays the role of forcing extension and 
adduction when the limb is flexed or abducted. In this 
case, extension and adduction are controlled by the eccen- 
tric contractions of the humeral flexors and abductors. 
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2.1 Shoulder Joint Movement Data 
2.1.1 Shoulder Flexion/Extension; Sagittal Plane 

Phases I & II EMG: biceps brachii and anterior deltoid 

Phase I description: Initial position; arm hanging, 

relaxed at the side . The movement was flexion of a straight 
arm to shoulder level (i.e. 90 d angle with the trunk) then 
extension to return to FAP. 

Phase II description: Same as Phase I. 

Phase I figures; D13 a,b,c; 

Top strip chart (1Y) = displacement representing, a change in 
shoulder angle. Peaks (e.g. 1050 mm) indicate maximum 
flexion; valleys (e.g. 250 mm) indicate maximum extension. 
Second strip chart (1A) = EMG recording, from the biceps . 
Third strip 'chart (2A) _ss EMG recording from the anterior 
deltoid . 

TTiase II figures: D14 a,b,c,d; 

EMG data from the anterior deltoid and the biceps are 
displayed on the top graph of D14a. The bottom graph of 
D14a shows displacement representing a change in shoulder 
angle (peaks indicate maximum flexion; valleys indicate 
maximum extension). EMG data for the anterior deltoid and 
the corresponding, raw data are shown in D14b,c. Shoulder 
angle displacement data for D14c is shown in D14d. 

Observations : 


Phase I: The anterior deltoid and the biceps brachii 

showed similar rising slopes in conjunction with raising, the 
arm. The deltoid is a prime mover in this action. The 
biceps is a two-joint muscle having some influence on 
shoulder flexion, but its moment arm does not make it a 
primary flexor. Nevertheless, a consistent pattern of 
biceps activity was seen in shoulder flexion. 

The return from flexion to FAP showed different slopes 
between the two monitored muscles. The deltoid showed a 
much closer phase relation with the displacement pattern. 
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The biceps maintained a relative plateau until extension was 
almost completed. 

Phase II: As in Phase I anterior deltoid activity and 

bicep activity increased as the arm was raised to shoulder 
level (Figure D14a). As the arm was returned to FAP the EMG 
activity slopes of the two monitered muscles appeared 
similar. The raw EMG data (Figures D14b,c) from the 
anterior deltoid corresponded well with its processed data. 
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Figure 14b. SHOULDER FLEXION & EXTENSION IN THE SAGITTAL PLANE 

HOVEHENT SPEED i Medium SAMPLING RATEt 400 Samples/Sec/Channel 
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2.1.2 Shoulder Abduction/Adduction; Frontal Plane 

Special conditions : Slow (.3 Hz) and fast (1.2 Hz) 

movements (Thase I only ) 

EMG : middle deltoid and posterior deltoid 

Description : Subject was seated, facing the cameras, 

with the right arm hanging relaxed at the side. The arm was 
moved through a 90° ROM. The arm was abducted 90°then 
returned (adduction) to the starting position. Subjects 
were asked to perform the movement at two different speeds, 
slow and fast. The speeds were self-selected. 

Figures ; D15 a,b,c; D16 a,b,c; 

Top strip chart (1Y) = displacement representing a change in 
wrist position as it moved through an arc in the frontal 
plane. Peaks ( e . g 1 200- mm) indicate maximum abduction (a 
position in which the wrist is at the same horizontal level 
as the shoulder). Minimums (e.g. 500 mm) indicate a return 
to the FSP (wrist is vertically in line with the shoulder). 
Second strip chart (1A) = EMG recording from the middle 
deltoid . Third strip chart (2A) = EMG recording from the 
posterior deltoid . 

Observations : 


In the slow speed trials (Figures D15a,b,c), both the 
middle and posterior deltoids contributed to the abduction 
movement. There was a consistent lagging of peaks between 
the two muscle sections. The middle deltoid rose to its 
peak half way through the abduction (approximately 45°). 
The posterior deltoid showed a slope similar to the middle 
deltoid, but it maintained its maximal activation longer 
(i.e. through maximum abduction). 

Because the movement was performed in the frontal 
plane, gravity provided the force necessary to return the 
arm to its initial position. Control of the adduction, 
therefore, was due to the eccentric contraction of the 
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middle and posterior deltoids. As the position graph showed 
a return to FSP , the EMG activity too showed a decline. 

Thus the EMG activation patterns displayed close parallels 
with the position-time data for the movement. One should be 
reminded that when working in a gravitational field , the 
agonists of a movement may control the movement in both di- 
rections - first concentrically, then eccentrically. When 
this is the case, the antagonists are not needed for limb 
control. In weightless conditions, antagonist muscles would 
need to be monitored for a control signal to return the arm 
to FSP. 

The middle and posterior deltoid activation patterns 
were similar across the two speeds selected (Figures 
D16a,b,c). The ballistic strategy observed in forearm 
flexion/extension tasks was also observed in the arm 
abduction/adduction movement. In this case, the envelope of 
middle deltoid activity reached its peak midway through the 
displacement pattern, then droped off more sharply, to reach 
a baseline level before the arm returned to FSP. This 
pattern may be explained by a strategy that involves 
generating a high acceleration of the limb early in the 
movement, then letting inertia carry the limb to its re- 
versal position. Gravity will return the arm to FSP without 
muscular effort, and control of the limb at the end of the 
movement (before the arm hits the side of the body) appears 
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to be by small EMG bursts that occur just before reaching 
the minimum position, particularly in the posterior deltoid. 
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2.1.3 Shoulder Abduction/Adduction; Frontal Plane 

Special conditions : Slow (.5 Hz) and fast (1.2 Hz) 

movements ("Phase I only ) 

EMG ; middle deltoid and trapezius 

Description : Subject was seated, facing the cameras, 

with the right arm hanging relaxed at the side. The arm was 
moved through a 90° ROM. The arm was abducted 90 a then 
returned (adduction) to the starting position. Subjects 
were asked to perform the movement at two different speeds, 
slow and fast. The speeds were self-selected. 

Figures : D17 a,b,c; D18 a,b; 

Top strip chart (1Y) = displacement representing a change in 
wrist position as it moved through an arc in the frontal 
plane. Peaks (e.g. 1200 mm) indicate maximum abduction (a 
position in which the wrist is at the same horizontal level 
as the shoulder). Minimums (e.g. 500 mm) indicate a return 
to FSP (wrist is vertically in line with the shoulder). 
Second strip chart (1A) = EMG recording from the middle 
deltoid . Third strip chart (2A) = EMG recording, from the 
trapezius . 

Observations : 


In the slow speed trials (Figures D17 a,b,c) the EMG 
envelope for the middle deltoid was consistent with the 
pattern seen in previous tests. Peak activity occured prior 
to maximum abduction, and declined with a slope similar to 
that of the displacement. The trapezius showed a pattern 
similar to that of the posterior deltoid; a rise to peak 
activity coincident with maximum displacement. This pattern 
of activity might have been expected as the trapezius acts 
as a stabilizer of the clavicle and scapula, from which the 
arm is suspended. Thus, the middle deltoid (along with deep 
muscles, e.g., subscapularis ) initiate the abduction and the 
posterior deltoid or trapezius acts somewhat later in the 
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motion when the resistance moment arm lengthens and the 
torque about the shoulder increases. 

In the fast speed trials (Figures D18a,b) a similar 
ballistic strategy was discerned from the EMG activation 
patterns. In these trials, the secondary middle deltoid 
burst was even more pronounced in controlling the adduction 
due to gravity (Figures D18a,b at 1.0 and 2.0 sec). The 
trapezius also showed some evidence of a secondary burst 
(Figures D18a at 2.0 sec) but with less consistency. 
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2.1.4 Shoulder Abduction/Adduction; Frontal Plane 

Special condit ions : With and without cocontraction 

( Ph a se II only} 

EMG : middle deltoid and pectoralis major 

Description : Initial position; right arm hanging re- 

laxed at the side. The arm was abducted to form a 80® angle 
with the trunk, then returned (adduction) to the starting 
position . 

Figures : D19 a; D20 a,b,c; 

Top graph = EMG data from the anterior deltoid and the 
pectorali s major (D19a, D20a). Bottom graph = displacement 
representing a change in shoulder angle in the frontal plane 
(peaks indicate a return to FSP; minimums indicate maximum 
abduction). Raw EMG data from the middle deltoid (D20c) and 
the corresponding processed EMG data (D20b) also are 
displayed . 

Observations : 

Without cocontraction the middle deltoid EMG activity 
peaked just prior to or at maximum abduction (Figure D19a). 
This activity pattern was similar to those observed in the 
Phase I shoulder abduction/adduction tasks across speeds. 
Pectoralis major EMG activity appeared to be absent. Since 
the pectoralis functions as an adductor of the humerus, this 
result was expected. In a gravitational environment gravity 
is the force which acts to adduct the humerus, and this 
action is controlled through eccentric contractions of 
abductors (e.g., the deltoid). 

With cocontraction, the EMG activity pattern of the 
middle deltoid was quite different. Similar to the results 
of Phase I activity peaked half way through arm abduction. 

As suggested by the Phase I results, another abductor 
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(i.e. the posterior deltoid) may control movement of the 
limb after this point. Middle deltoid activity also peaked 
half way through adduction. This peak may have been related 
to the cocontraction task, or an effort to slow the effects 
of gravity. Regardless, it did not reverse the direction of 
the movement as evident in Figure D20a. Pectoralis major 
activity rose to a slight peak as the arm returned to FSP. 
This activity may have been related to active adduction 
performed against the resistance of the trunk. The raw EMG 
data appeared to correlate well with the processed data 
(Figure D20b , c) . 
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2.1.5 Internal/External Rotation of the Humerus; Transverse 
Plane. Vertical Axis 

Special conditions: With and without cocontraction; 

Intersegmental shoulder angles of O tf and 45° 

Phase I & II EMG: teres major and infraspinatus 

Phase I description: Position 1: The subject's forearm 

was flexed 90* at the elbow. With this forearm position, 
the subject was placed such that the longitudinal axis of 
the humerus was colinear with the axis of rotation for a 
mechanical arm. That is, the elbow was fixed on top of, and 
coincident with, the rotary axis of the mechanical arm. In 
this position, drawing the hand toward the body was indi- 
cative of internal humeral rotation, and swinging the hand 
away from the body marked external humeral rotation. The 
inter segmental angle between the humerus and the line of the 
trunk was as close to 0® as possible. Position 2: The 

humerus was flexed approximately 45® creating a 45® inter- 
segmental angle with the trunk. To maintain hand contact 
with the mechanical arm, the intersegmental angle at the 
elbow was relaxed to an angle greater than 90* 

Phase II description: Subject was seated in a chair. 

Forearm was flexed to form a 90® angle with the humerus at 
the elbow joint. From this position, drawing the hand 
toward the body was indicative of internal humeral rotation, 
and swinging the hand' away from the body marked external 
humeral rotation. Due to the nature of the movement and the 
size of the goniometer, monitering changes in joint angle 
were not possible. 

Phase I figures: D21 a,b,c; trunk 45* no cocontraction: 
D22 a,b; trunk 0° no cocontraction: D23 a; trunk 45° cocon- 
traction: D24 a,b,c; trunk 0® cocontraction. Top strip 
chart (7Z) «= displacement representing a change in rotation 
angle. Peaks (e.g. 700 mm) indicate maximum internal ro- 
tation; valleys (e.g. 250 mm) indicate maximum external ro- 
tation. Second strip chart ( 1 A ) = EMG recording from the 
teres major . Third strip chart (2A) = EMG recording from 
the infraspinatus . 

Phase II figures: D25 a,b,c; no cocontraction: D26 a; 
no cocontraction: D27 a; cocontraction: D28 a,b; cocon- 
traction, EMG records of infraspinatus and teres major 
activity are displayed in D25c, D27a, D28a,b and the top 
graph of D26a. The bottom graph of D26a shows the corre- 
sponding raw EMG data for the infraspinatus . The EMG 
records of both muscles are displayed seperately in D25a,b 
(Top graphs = infraspinatus activity; Bottom graphs = teres 
ma lor activity^ 


C - 


Observations 
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Phase I: The infraspinatus is an external rotator of 

the humerus at the glenohumeral joint. The teres major is 
an internal rotator. In theory, these two muscles should 
display peak EMG activation patterns that are out of phase 
with one another. However, a couple of a priori problems 
existed. First, the two muscles are difficult to distin- 
quish superficially. Even though anatomical texts display a 
reasonable spatial distinction between the muscles, they lie 
next to one another. As mentioned in the anatomical con- 
siderations section, even reasonably close proximity between 
muscles compromises our ability to record separate EMG 
patterns. In an attempt to maximize the distance, the 
electrodes for the teres major were placed as lateral as 
possible - but this induced difficulties in recording 
movement artifact created by scapular movement. 

The second problem arose out of muscle function. The 
prime mover for internal rotation is the subscapularis . 
However, the subscapularis is a deep muscle and not acces- 
sible for surface EMG recording. The teres major, although 
identified as an internal rotator, may be active in that 
function only against resistance (Basmajian, 1979). 

In Figure D21a,b,c, the shoulder inter segmental angle 
was 45® , and humeral rotation was performed without cocon- 
traction. A clear phasic pattern was displayed by both the 
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teres major and the infraspinatus. Unfortunately, the 
phasic activity of the two muscles was identical. This 
failure to distinquish different phasic patterns suggested 
an inability to distinquish the two muscles in electrode 
placement. Rad the two muscles been properly identified, 
and if the problem was lack of teres major activity due to 
low resistance, then the teres major should show no EMG 
activity. From the figures, it appeared that only the 
external rotatory activity was monitored. Additionally, the 
infraspinatus appeared active only at the extremes of the 
ROM for external rotation. 

Figure D22a,b are from trials in which the shoulder 
intersegments 1 angle was 0° . No change in the EMG activation 
pattern was observed other than a reduction in signal amp- 
litude. This position was tested to give some indication of 
the changes that might be expected in the EMG patterns 
during coordinated, multi-segmented movement. In this case, 
it appeared that the EMG pattern was minimally altered by 
shoulder flexion. 

Figures D23a and D24a,b show trials in which internal 
and external rotary movements were monitored under condi- 
tions of cocontraction. Again, little change in the phasic 
pattern was observed; although the pattern was less sharply 
distinquished than in cases of relaxation. 

Phase II; The results of Phase II were a bit more 
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promising than those of Phase I. The reason for the 
difference may have been the muscular definition of the 
subject . 

Limb displacement was not monitered in Phase II so it 
could not be related to muscle activity. However, the 
relationship between the phases of muscle activity could be 
observed. As the initial movement of external rotation was 
made the EMG activity of the infraspinatus rose to a sharp 
peak with little if any coincident teres major activity 
(Figures D25a,b,c). This pattern was also observed as the 
second external rotation movement was executed. However, 
the infraspinatus activity also peaked with teres major 
activity during internal rotation. 

With cocontraction certain rotation movements did 
display the expected phasic activity: infraspinatus active 
for external rotation, teres major quiet; teres major active 
for internal rotation, infraspinatus quiet (Figures D26a, 
D27a, and D28a,b). However, these patterns were not at all 
consistent. The problems mentioned in the Phase I discus- 
sion of these data also played a role in Phase II. These 
internal/external humeral rotation activation patterns were 
not considered distinctive enough to provide precise control 
for an external limb or robot arm. 
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2.1.6 Internal/External Rotation of the Humerus; Transverse 
Plane, Vertical Axis 

Special conditions : With and without cocontraction; 

Intersegmental shoulder angles of 45°and 0*(Phase I only) 

EMG : anterior deltoid and pectoralis major 

Description ; Position 1: The subject's forearm was 

flexed 90* at the elbow joint. With this forearm position, 
the subject was placed such that the longitudinal axis of 
the humerus was colinear with the axis of rotation for a 
mechanical arm. That is, the elbow was fixed on top of, and 
coincident with, the rotary axis of the mechanical arm. In 
this position, drawing the hand toward the body was indica- 
tive of internal humeral rotation, and swinging the hand 
away from the body marked external humeral rotation. The 
intersegmental angle between the humerus and the line of the 
trunk was as close to 0° as possible. Position 2: The 

humerus was flexed approximately 45* creating a 45* inter- 
segmental angle with the trunk. To maintain hand contact 
with the mechanical arm, the intersegmental a^gle at the 
elbow was relaxed to an angle greater than 90 . 

Figures: D29 a,b, trunk 45* no cocontraction: D30 a,b, 
trunk 0° no cocontraction: D31 a,b, trunk 45* cocontraction: 
D32 a,b, trunk 0° cocontraction . Top strip chart (7Z) = 
displacement representing a change in humeral rotation 
angle. Peaks (e.g. 700 mm) indicate maximum internal 
rotation; valleys (e.g. 250 mm) indicate maximum external 
rotation. Second strip chart (1A) = EMG recording from the 
anterior deltoid . Third strip chart (2A) = EMG recording 
from the pectoralis major . 

Observations : 

Little success was achieved in identifying the teres 
major as an internal rotator of the humerus. The anterior 
deltoid was considered a possible source for internal 
rotation signals as it is considered to operate in all 
humeral flexion tasks and during inward rotation (Luttgens & 
Wells, 1982). One caution, however, is that the line of 
pull of the anterior fibers may allow them to act only under 
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circumstances of maximum external rotation. 

Like the deltoid, certain parts of the pectoralis major 
are considered to act during internal rotation. In par- 
ticular, the clavicular portion of the pectoralis major acts 
to flex, horizontally flex, and inwardly rotate the humerus. 
However, again we are faced with a situation in which the 
muscle may act to inwardly rotate the humerus only against 
resistance (Scheving & Pauly, cited in Basmajian, 1979). 

In Figures 29a, b and 30a, b internal/external rotation 
of the humerus was performed with 45° and 0° of trunk 
flexion respectively. Both the anterior deltoid and the 
pectoralis major displayed similar activity patterns, 
however both patterns showed peaks corresponding with 
maximum external rotation. Since both muscles are described 
as conditional inward rotators of the humerus, the peak 
activity displayed at the extreme end of external rotation 
may have been caused by a passive stretch. The degree of 
shoulder flexion did not appear to affect the myoelectric 
activity of the anterior deltoid or the pectoralis major. 

When the internal /external humeral rotation movement at 
45° of shoulder flexion was accompanied by cocontraction 
(Figures 31a, b) the activity level of both muscles 
increased. The anterior deltoid activity still peaked with 
maximum external rotation, but the pectoralis major showed a 
slight peak with internal rotation. Pectoralis major 
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activity also peaked as the first external rotation movement 
was initiated. A change in the shoulder flexion angle to 0° 
did not appear to alter the activity of the pectoralis major 
(Figures 32a, b). However, the anterior deltoid activity 
pattern clearly corresponded with internal rotation of the 
humerus. The anterior deltoid appeared to initiate internal 
rotation from the maximal externally rotated position and to 
continue acting as an internal rotator until maximal 
internal rotation was reached. 
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Figure 31 ^ Internal/external rotation of the humerus in the 
transverse plane about a vertical axis. 
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Figure 32. Internal/external rotation of the humerus in the 
transverse plane about a vertical axis. 
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Wrist Flexion/ Ex tension and Grip Movements 
3.0 Anatomical Considerations 
A gripping motion, generally performed with a slight 
degree of wrist extension, requires flexion across the 
inter phalangeal and metacarpal joints. The muscles respon- 
sible for the gripping action are located in the forearm, 
with long tendons running distally to the fingers. More 
specifically, these finger and wrist flexors originate from 
the medial epicondyle of the humerus. This flexor group 
includes the flexor digitorum profundus, flexor digitorum 
super ficialis , flexor pollicis longus, flexor carpi ulnaris, 
flexor carpi radialis, and the palmaris longus. As a group, 
these muscles are responsible for creating the grip. 
Recording EMG activity during, the grip comes not from any 
individual muscle, but is a global signal from the flexor 
group (Figure 9). 

Those muscles responsible for release of the grip, or 
extension of the wrist and fingers have a common origin on 
the lateral epicondyle of the humerus. This extensor group 
includes the extensor carpi radialis brevis, extensor carpi 
radialis longus, extensor carpi ulnaris, and the extensor 
digitorum (Figure 10). Like the flexor group, the EMG 
extensor signal comes from a group of muscles rather than 
any single muscle. 
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Figure 9. Anterior view of the left forearm and hand 
muscles: (a) deep muscles, (b) superficial muscles. (Adapted 
from Kinesiology: The Science of Movement (p. 82) by J. 
Piscopo and J . A . Baley , 1 98 1 , New York: Wiley.) 
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Figure 10 
(Adapted 
W. Jacob 
Saunders 



. Posterior view of the right forearm and hand, 
from Structure and Function in Man (p. 160) by b 
and C. A. Francone, 1974, Philadelphia: W. B. 
Company . ) 
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This global EMG recording, is a function of methodology 
and anatomy. The body is a volume conductor of electrical 
signals. Given the close spatial arrangement of the flexor 
(or extensor) muscles, surface electrodes are generally in- 
capable of distinguishing among the muscles - presuming of 
course that only a select number of the flexors were to act 
during, the movement. Thus the EMG record may contain 
activity from numerous muscles used to perform a similar 


f unction . 
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3.1 Wrist Flexion/Extension and Grasping Data 
3.1.1 Grasping 

Special conditions: With and without cocontraction; 

supported and unsupported forearm (Phase I only). 

EMG : flexor and extensor groups 

Description : The forearm was held in a flexed position 

such that the elbow angle approximated 90°. The fingers 
were held straight and the thumb moved in opposition to the 
fingers in a pincer movement. The EMG signal was recorded 
from locations approximating the flexor group (distal to the 
medial epicondyle) and the extensor group (distal to the 
lateral epicondyle, anterior surface of the forearm). 

Figures : D33 a,b,c; 

Top strip chart (5Y) «= displacement representing a change in 
grip opening. Peaks (e.g. 740 mm) indicate maximum closure 
of the grip. Minimum values (640 mm) indicate maximum 
opening of the grip. Second strip chart (1A) = EMG re- 
cording from the flexors . Third strip chart (2A) = EMG 
recording from the extensors . 

Observations ; 

In Figure D33a, extensor activity seemed well cor- 
related with opening the grip. The flexor activity seemed 
poorly differentiated. In response to the poor flexor 
recording, the electrodes were moved to a location more 
medial on the forearm. Figures D33b,c although still 
somewhat noisey, showed much greater definition in acti- 
vation of the flexors versus the extensors. Trials 33b and 
33c showed good phasic patterns for the two antagonist 
muscle groups. 

While good correlation between muscle activation and 
position data was evident, one must be reminded that the 
grasping motion was being done in isolation. Previous tests 
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have already alluded to the difficulty of identifying 
specific muscle action in multi-segmented, coordinated 


action . 
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3.1.2 Wrist Flexion/Extension; Sagittal Plane 

Special conditions: Accelerated movement with an 

isometric contraction at joint reversals; Flexion only with 
isometric contraction at joint reversal; (Phase II only) 

EMG : flexor and extensor groups 

Description : Task 1: Initial position; subject seated 

with arm relaxed at the side in FAP . From this position the 
wrist was rapidly extended, approximately 45° , held in an 
isometric contraction at full extension, then rapidly 
flexed, approximately 45° and held in an isometric con- 
traction at full flexion. This action was repeated. 

Task 2: From the same initial position the wrist was flexed 

approximately 45° , held in an isometric contraction at full 
flexion, then returned to FAP. This action was repeated 
several times. 

Figures : D34 a,b; flexion/extension: D35 a,b,c,d; 

flexion only. The EMG record for both the flexors and 
extensors is shown in the top graphs of D34a,b. The bottom 
graphs of these figures = displacement representing a change 
in the wrist angle (peaks indicate maximum flexion; valleys 
indicate maximum extension). EMG activity of the wrist 
flexors is shown in the top graphs of D35a , c and the bottom 
graphs of D35b,d. Displacement representing a change in the 
wrist angle is shown in the bottom graphs of D35a,c (peaks 
indicate maximum flexion; valleys indicate a return to FAP) 
Raw EMG wrist flexor data is shown in the bottom graphs of 
D35b,d. 

Observations : 

Wrist flexion EMG activity correlated well with the 
wrist flexion movement (Figures D34a,b). There was a sharp 
peak in activity, as the wrist was rapidly flexed, which 
tapered off as the wrist was held in an isometric con- 
traction at maximum flexion. During rapid wrist extension, 
there was an increase in EMG wrist extensor activity, but 
there also was low level flexor activity. Both muscle 
groups had elevated activity during the isometric con- 
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traction in the maximally extended position. 

In the flexion only task, EMG activity of the vrist 
flexors clearly peaked as the wrist was rapidly flexed, and 
gradually tapered off with the isometric contraction and 
return to FAP (Figures D35a,c). The raw EMG wrist flexor 
data showed distinctive bursts of activity with rapid 
flexion (Figures D35b,d). In both tasks, a rapid wrist 
flexion movement clearly demonstrated a relationship with 
the displacement graph. Thus, perhaps this movement could 
be used as a "trigger movement", a movement performed by the 
robot operator which elicits a different yet similar move- 
ment in the robot. For example, since the grasping data and 
the forearm pronation/supination data to be presented later, 
did not clearly demonstrate phasic activity in all cases, 
perhaps a rapid wrist flexion movement by the robot operator 
could be used to create a grasping movement or forearm 
pronation/supination in the robot. 
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3.1.3 Wrist Flexion/Extension; Transverse Plane 

Special conditions: Fast and slow movement speeds 

(Phase II only) 

EMG : flexor and extensor groups 

Description : Initial position; subject seated with arm 

flexed to create a 90° intersegmental angle at the elbow. 

The bilateral axis for wrist flexion was placed co-linear 
with the goniometer axis of rotation (i.e. the wrist was 
fixed on top of the rotary axis of the goniometer). In this 
position t hand movement toward the body was indicative of 
wrist flexion and hand movement away from the body marked 
wrist extension. The entire movement consisted of wrist 
flexion (approximately 60° ) , then extension to neutral 
position and approximately 45® beyond that position. 

Figures : D36 a; fast: D37 a,b; slow. 

The EMG record for both the flexors and extensors is shown 
in D37a and the top graph of D36a. Figure D37b and the 
bottom graph of D36a » displacement representing a change in 
the wrist angle (peaks indicate maximum flexion; valleys 
indicate maximum extension). 

Observations: 

Since both of these movements were conducted in the 
transverse plane, increased wrist extensor activity and 
decreased wrist flexor activity were expected with wrist 
extension. Decreased wrist extensor activity and increased 
wrist flexor activity were expected with wrist flexion. 
Movement at both speeds clearly reflected these patterns, 
despite the slower sampling rates used (Figures D36a, 
D37a,b). (It is possible that the muscles were firing at 
frequencies that were adequately detected by the sampling 
rates.) Perhaps wrist flexion/extension movements in the 
horizontal plane would be better trigger movements for 
forearm pronation/supination. 
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Radioulnar Pronation/Supination 
4,0 Anatomical Considerations 
Pronation and supination are movements that result from 
the rotation of the radius about a fixed ulna (refer to 
Figure 11). The effect of pronation is to put the hand in a 
palm-down position, whereas supination places the hand in a 
palm-up position. 

The muscles responsible for supination and pronation 
are listed below: 


Action 

Prime Mover 

Assisted by 

Supination 

Supinator 

Biceps brachii 

Pronation 

Pronator quadratus 



Pronator teres 



It is important to note the topographical arrangement of the 
pronator and supinator muscles. Although the pronator teres 
is a superficial muscle of the forearm, it lies in proximity 
to the flexor muscles responsible for the grip. Obtaining a 
clean EMG signal from the pronator teres, distinct from the 
flexor group is hampered by this arrangement. The pronator 
quadratus is a deep muscle in the distal forearm, and thus 
inaccessible for direct EMG recording from surface 
electrodes . 

The supinator is also a deep muscle of the forearm 
(proximal end). Although the prime mover for supination of 
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Figure 11. Pronation and supination of the 

forearm. (Adapted from Kinesiology Fundamentals of 
Motion Descripition (p. 75) by D. L. Kelley, 1971, New 
Jersey: Prentice-Hall.) 
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the forearm, it is covered in large part by the extensor 
muscle group. Thus the EMG signal from the supinator is 
compromised by any concurrent activity from the wrist and 
finger extensors. The difficulty of separating flexion and 
extension signals from pronation and supination will be 
pointed out during discussion of the data. 
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4.1 Pronation/Supination Data 

4.1.1 Forearm Pronation/Supination Movement About the Long, 
Axis of the Forearm (flexed to 90**). 

Special conditions : With and without cocontraction; 

(Phase I only") 

EMG : supinator and pronator teres 

Description : The forearm was flexed to create a 90°inter- 

segmental angle at the elbow. To facilitate obtaining 
position information about pronation and supination, a ruler 
was placed in the hand and the LEDs were attached to each 
end of the ruler. The vertical displacement of the upper 
LED was plotted as indicative of rotation. The subject 
started in a fully supinated position, rotated to full pro- 
nation and returned to the starting position. This sequence 
was repeated throughout the trial. The EMG signal was 
recorded from locations approximating the supinator and the 
pronator teres . 

Figures: D38 a,b; 

Top strip chart (2Y) = displacement representing a change in 
rotation angle. Peaks (e.g. 800 mm) indicate a neutral 
forearm position. The small valley between peaks represents 
the move from a neutral forearm position to maximum pro- 
nation. Minimum values (e.g. 600 mm) indicate maximum supi- 
nation. Second strip chart (1A) ** EMG recording from the 
supinator . Third strip chart (2A) = EMG recording from the 
pronator teres . 

Observations : 

In Figure D38a,b the supinator appeared active at full 
supination but its activity dropped off quickly as the fore- 
arm was pronated. The pronator teres peaked at the extremes 
of pronated motion, but showed little activity the first 90° 
of rotation. While the pronator showed a peak, the supi- 
nator also showed a small peak in activity (1.4 sec). This 
supinator peak may have less to do with activity of the 
supinator and reflect flexor activity. At the extremes of 
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supination, the supinator showed a strong peak. But like 
the pronator, supinator activity was observed mostly at the 
extremes of motion. 



134 



Figure 38. Pronation/supination of the forearm. 
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4.1.2 Forearm Pronation/Supination: Movement About the Long 
Axis of the Forearm (flexed to 9U ° ) 

Special conditions: With and without cocontraction; 

(Phase I onlyT^ 

EMG : supinator and biceps brachii 

Description : The forearm was flexed to create a 90* 

intersegmental angle at the elbow. To facilitate obtaining 
position information about pronation and supination, a ruler 
was placed in the hand and the LEDs were attached to each 
end of the ruler. The vertical displacement of the upper 
LED was plotted as indicative of rotation. Subject started 
in a fully supinated position, rotated to full pronation and 
returned to the starting position. This sequence was 
repeated throughout the trial. The EMG signal was recorded 
from locations approximating the supinator and the belly of 
the biceps brachii . 

Figures : D39 a,b; 

Top strip chart (2Y) = displacement representing a change in 
rotation angle. Peaks (e.g. 800 mm) indicate a neutral 
forearm position. The small valley between peaks represents 
the move from a neutral forearm position to maximum pro- 
nation. Minimum values (600 mm) indicate maximum supi- 
nation. Second strip chart (1A) = EMG recording from the 
supinator. Third strip chart (2A) = EMG recording from the 
Ficeps" brachii . 

Observations : 

The biceps is known to assist in supination due to its 
angle of pull on the radius. If the supinator is accurately 
marked by the recording electrodes, then supinator and 
biceps activity should coincide. 

In Figure D39a,b the in-phase relationship between 
activation of the supinator and the biceps brachii is shown. 
Again, the activation is predominant at the extremes of 
motion . 

While supinator activity may be accessible to surface 
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recording, the problem of contaminating the signal with 
finger and wrist flexor activity persists. Also, we see 
that biceps activation may be induced not only in the 
control of the forearm flexion angle, but also in forearm 


rotation . 
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Pronation/supination of the forearm. 
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Finger Movements 
5.0 Anatomical Considerations 
Numerous muscles exist within the human hand, providing 
great dexterity. Since many of these small muscles lie deep 
within the hand, investigation of their functions through 
surface electrodes was not feasiable. However, a few of the 
hand muscles, such as the adductor pollicus and the abductor 
digiti minimi are more superifical. These muscles and their 
corresponding movements were investigated for two reasons: 
it was thought that they may be used to trigger other 
movements (See Section 3.1.2); and later during the project 
it was discovered that the robot would have the capability 
to move each finger. 

The adductor pollicus muscle, which spans from the 
small bones of the wrist and the third metacarpel to the 
first phalanx of the thumb (Figure 12) is the sole muscle 
responsible for thumb adduction during low force con- 
tractions ( Bigland-Ritchi e , 1981). This characteristic 
makes it a very suitable muscle for investigation. Since 
the adductor is a small muscle which lies within close 
proximity of the abductor pollicus brevis and the flexor 
pollicus brevis, EMG activity from these muscles may also be 
detected with surface electrodes. However, if the thumb 
remains extended and the movement takes place such that 
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Figure 12. Anterior view of the adductor muscles of the 
thumb and abductor muscles of the fifth digit on the right 
hand. (Adapted from Structure and Function in Man (p. 163) 
by S. W. Jacob and C. A. Francone, 1974, Philadelphia: W. B. 
Saunders Company.) 
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gravity is the force initiating thumb abduction, the 
activity from these two muscles would be minimized. 

The abductor digiti minimi (ADM) originates from the 
pisiform bone of the wrist and the flexor carpi ulnaris 
tendon, and inserts at the base of the proximal phalanx of 
the fifth digit (i.e. the pinky) (Figure 12). The ADM is 
not the only abductor of the pinky, but the other abductors 
(i.e. the interossei dor sales and opponens digiti minimi) 
are deeper muscles. Since the flexor digiti minimi brevis 
lies within close proximity to the ADM, an investigation 
with surface electrodes may also detect pinky flexion. 
However, as mentioned for thumb movement, if the pinky 
remains extended during an abduction task, EMG activity from 
the flexor muscle would be minimized. 
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5.1 Finger Movement Data 
5.1.1 Thumb Adduction/Abduction 

Special conditions : With and without cocontraction 

(Phase II only) 

EMG : adductor pollicus 

Description ; Initial position; subject seated with 
forearm fully supinated and flexed to create a 90° inter- 
segmental angle at the elbow; thumb held fully extended and 
abducted. The movement included the full ROM (maximum thumb 
adduction (i.e. without thumb flexion), then maximum thumb 
abduction). The thumb remained extended throughout the 
entire ROM. 

Figures: D40 a; no cocontraction; D41 a; 

cocontraction. The EMG record for the adductor pollicus is 
shown in both D40a and D41a. Unfortunately measurement of 
thumb dis- placement was not possible given the nature of 
the movement and the size of the joint compared to the size 
of the goniometer. 

Observations: 

There appeared to be a on/off pattern to the adductor 
pollicus activity during both tasks (Figures D40a, D41a). 
During the data collection process it was observed that the 
rise and peak in adductor pollicus activity was coincident 
with thumb adduction and the fall in activity with thumb 
abduction. This EMG activity seemed fairly distinctive, 
however thumb adduction without thumb flexion is not a 
natural movement, but one which takes some concentration and 
practice. Thus thumb adduction/abduction may have potential 
for controlling a robot, but needs further investigation. 






NAG 5-895 EMG Signals 

144 


5.1.2 Pinky Abduction/Adduction; Transverse Plane; Phase II 
UnTy : 


EMG ; abductor digiti minimi 

Description : Initial position; subject seated with 

forearm fully pronated and flexed to create a 90° inter- 
segmental angle at the elbow; pinky held fully extended and 
adducted, in contact with the fourth digit. The movement 
included the full ROM (maximum pinky abduction, then pinky 
adduction to a point where it contacted the fourth digit). 
The pinky remained extended throughout the entire ROM. 

Figure : D42 a; 

The EMG record for the abductor digiti minimi is shown in 
D42a. Unfortunately measurement of pinky displacement was 
not possible given the nature of the movement and the size 
of the joint compared to the size of the goniometer. 

Observations: 


As with the thumb adduction/abduction task, there 
appeared to be an on/off EMG activity pattern for the 
abductor digiti minimi (Figure D42a). During the data 
collection process it was observed that the rise and peak in 
activity coincided with pinky abduction and the fall in 
activity with pinky adduction. This movement may be more 
practical for controlling a robot, as it is not as difficult 
as thumb adduction without thumb flexion. 



NAG 5-895 EMG Signals 

146 


Reaching Movements 
6.0 Anatomical Considerations 


Since a two degree-of-f reedom reaching movement 
performed in the sagittal plane involves flexion and 
extension of the shoulder and elbow joints, many of the 
anatomical considerations have been discussed in previous 
sections. However the action of two-joint muscles, those 
which cross two joints and have important functions at both, 
(Basmajian, 1979) needs particular mention. Working alone 
these muscles can not function as a one-joint muscle because 
they pull directly from one end to the other with all parts 
of the muscle contracting (Basmajian, 1979). 

The two- joint muscles directly involved in the reaching 
task are the biceps brachii and the triceps brachii. The 
biceps brachii, which crosses the glenohumeral and elbow 
joints, may function as an agonist in elbow or shoulder 
flexion, but is strongest as an elbow flexor. Maximal bicep 
activity may be expected in .a countercurrent movement 
(Basmajian, 1979) (i.e. shoulder flexion and elbow flexion). 
However in a concurrent movement such as elbow extension and 
shoulder flexion, little if any bicep activity may be 
expected providing gravity is not the force responsible for 
elbow extension. In order for elbow extension to occur 
without the force of gravity acting, the biceps must relax, 
thus it can not provide shoulder flexion. 
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The triceps brachii also crosses the glenohumeral and 
elbow joints, and may function as an agonist in shoulder 
extension or elbow extension against resistance but is 
strongest as an elbow extensor. Similar to the biceps, 
maximal triceps activity would be expected in a counter- 
current movement such as shoulder and elbow extension 
against resistance. Likewise little triceps activity would 
be expected in a concurrent movement such as shoulder 
extension and elbow flexion. 

Since these data were collected on a sagittal plane 
reaching motion in a gravitational environment, the 
aforementioned activation patterns may not have been 
evident. However in transverse plane reaching tasks or a 
nongravitational environment the activation patterns of two- 
joint muscles should be apparent and would need to be 
considered for robot control. 
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6.1 Reaching Movement Data 

6.1.1 Reaching (Forearm Flexion, then Shoulder Flexion); 
Sagittal Plane 

Special conditions; Slow and moderate speeds 

Phase I EMG: biceps brachii and anterior deltoid. 

Phase II PMG; biceps brachii, triceps brachii, anterior 
deltoid, and posterior deltoid. 

Phase I description; Initial position; subject seated, 
right arm hanging relaxed at the side. Right side was 
facing the cameras. LEDs marked the wrist, elbow and 
shoulder. The subject was asked to perform a reaching 
motion in which forearm flexion preceeded shoulder flexion. 
The midpoint of the movement was when the arm was fully 
extended at shoulder level. From this midpoint, the move- 
ment was characterized by simultaneous extension of the 
humerus and flexion of the forearm until the humerus was 
approximately in line with the trunk. Then, the forearm was 
extended until the arm was fully extended along the side of 
the body. 

Phase II description; Initial position; subject 
standing in FSP , right arm relaxed at the side. The subject 
was asked to perform the reaching motion, similar to that of 
Phase I; elbow flexion to approximately 90°, followed by 
simultaneous shoulder flexion and elbow extension. The 
midpoint of the movement was the same as Phase I: a fully 
extended arm held at shoulder level. From this position the 
movement was completed just as it was in Phase I. 

Phase I figures; D43 a; D44 a; D45 a; position-time 
data with EMG: D43 b; D44 b; D45 b; stick-figures of 
reaching. Top strip chart (1Y) <= displacement representing 
a change in vertical position of the wrist. Peaks (e.g. 

1000 mm) occur when the wrist is at shoulder level. Minimum 
values (e.g. 450 mm) occur when the arm is suspended at the 
side of the body. Second strip chart (1A) «= EMG recording, 
from the biceps brachii . The biceps was monitored as the 
prime forearm flexor. Third strip chart (2Y) = displacement 
data representing a change in the vertical position of the 
elbow. Maximum values (e.g. 960 mm) occur when the upper 
arm has been raised to shoulder level in the sagittal plane. 
Minimum values correspond to an upper arm position parallel 
to the trunk. Fourth strip chart (2A) = EMG recording from 
the anterior deltoid . The anterior deltoid was monitored as 
the prime mover in humeral flexion. 

Phase II figures: D46 a , b , c , d , e , f , g ; D47 a,b,c,d,e,f. 
EMG activity for the biceps and triceps is displayed in the 
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top graphs of D46a,b and D47a,b. The bottom graphs of D46a 
and D47a display displacement representing a change in the 
angle at the elbow (peaks indicate maximum flexion; valleys 
indicate maximum extension). The bottom graphs of D46b and 
D47b display anterior and posterior deltoid activity. The 
top graphs of D46c,d and D47c display EMG activity from the 
biceps and anterior deltoid . The bottom graphs display 
triceps , posterior deltoid , and triceps and posterior 
del toi? activity respectively. Figures D46e and D47d 
display posterior deltoi d activity in the top graph and 
anterior deltoid activity in the bottom graph. Raw EMG data 
is displayed in the top graphs of D46f and D47e, for the 
biceps , and in D46g and D47f for the triceps ♦ The cor- 
responding processed EMG signal is displayed in the bottom 
graphs for each of the aforementioned figures. 

Observations ; 

4 

Phase I; Biceps activity: As seen in Figure D43a, 

biceps activity rose with the increasing, magnitude of 
forearm flexion. From approximately .6 to 1.8 seconds 
biceps activity held a relative plateau, then declined. The 
biceps activation pattern suggested that a flexion angle was 
maintained at the elbow during, the .6 to 1.8 second period. 
However, this was not the case. When the elbow rose to 
shoulder level, indicated by the peak in 2Y at 1.2 seconds, 
the forearm was in an extended position and the wrist, 
elbow, and shoulder were colinear. With no flexion at the 
elbow one might expect that there would be no EMG activity 
from the biceps. As can be seen across reaching trials, 
this was not the case. Thus the peak plateau in biceps EMG 
activity did not correlate well with the forearm 
flexion/extension pattern evidenced in single joint 
movements. The fact that the biceps displayed a high 
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activation level while the forearm was extended at the 
midpoint of the reach, pointed out the bi-articular nature 
of the biceps. This high-level activation may have had more 
to do with shoulder activity than elbow activity. 

Anterior deltoid (2Y) activity corresponded well to the 
flexion/extension pattern at the shoulder. Peak deltoid 
activity occured just prior to maximum shoulder flexion, and 
declined with a slope similar to the slope of the displace- 
ment curve. As shown with single-segment tasks (shoulder 
flexion only) the EMG activity of the anterior deltoid 
corresponded well with the position-time data. 

Phase II; The activity pattern of the biceps was very 
similar to that displayed in Phase I; peak activity was 
reached during initial forearm flexion, and the activity 
remained elevated throughout the rest of the reaching task 
which included forearm extension at the elbow. Bicep 
activity did not return to a baseline level until the 
movement was completed and the arm was fully extended at the 
side (Figures D46a, D47a). These results provide further 
evidence for the bi-articular nature of the biceps. 

There was a gradual rise in tricep activity (Figures 
D46a, D47a) which peaked prior to maximum extension at the 
elbow, when the entire arm was fully extended with an 
approximate 90® angle of shoulder flexion. (Note. There, 
were no records of changes in the shoulder angle for these 
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trails.) Since the triceps is a two-joint muscle functional 
in forearm and shoulder extension against resistance, this 
peak may have been related to either shoulder or forearm 
action. However, since eccentric activity of the biceps 
would control forearm extension in the sagittal plane, this 
peak was probably related to the effort to slow shoulder 
flexion as the humerus reached its reversal point. 

Raw EMG data for both the biceps (Figures D46f, D47e) 
and triceps (Figures D46g, D47f) appeared noisey. Thus the 
processed data, displayed in the bottom graphs of the same 
figures, may not have provided the true muscle signal if the 
noise evident in the raw data were included. These data 
showed the importance of a clean signal. A robot driven by 
this raw data would not produce very accurate limb 
movements . 

Anterior deltoid activity rose to a single peak, which 
occured after the peak in biceps activity (Figures D46b,c,d, 
D47b,c). Since humeral displacement was not recorded, it 
was estimated from the displacement graph of the elbow that 
as in Phase I, anterior deltoid activity correlated well 
with shoulder flexion/extension. EMG activity from the 
posterior deltoid, a shoulder extensor, also was monitered. 
However, the large spikes evident in Figures D46d,e and D47d 
indicated artifact. Thus posterior deltoid activity 
analysis was conducted with caution. The data may have 
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indicated that the posterior deltoid activity was initiated 
by a stretch during shoulder flexion, and/or functioned 
during shoulder extension to pull the humerus behind the 
trunk, as viewed from the sagittal plane. 
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Figure D43a. Elbow flexion then shoulder flexion 
movement in the sagittal plane. 
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Figure D43b. Stick figure of elbow flexion then shoulder 
flexion reaching movement. 
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Figure D45a . Elbow flexion then shoulder flexion reaching, 
movement in the sagittal plane. 
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Figure D45b. Stick figure of elbow flexion then shoulder 
flexion reaching movement. 
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6.1.2 Reaching (Forearm Flexion then Shoulder Flexion); 



Special conditions : With and without cocontraction 

(Phase I onTyl 


EMG : biceps brachii and triceps brachii 

Description : Initial position; subject seated, right 

arm hanging relaxed at the side. Right side was facing the 
cameras. LEDs marked the wrist, elbow and shoulder. The 
subject was asked to perform a reaching motion in which 
forearm flexion preceeded shoulder flexion. The midpoint of 
the movement was when the arm was fully extended at shoulder 
level. From this midpoint, the movement was characterized 
by simultaneous extension of the humerus and flexion of the 
forearm until the humerus was approximately in line with the 
trunk. Then, the forearm was extended until the arm was 
fully extended along the side of the body. 

Figures; D48 a,b,c; D49 a,b; D50 a,b,c; 

Top strip chart (3Y) = displacement representing a change in 
vertical position of the wrist. Peaks (e.g. 70 mm) occur 
when the wrist is at shoulder level. Minimum values (e.g. 

20 mm) occur when the humerus is in line with the body and 
the forearm is at a 90° angle with respect to the humerus. 
Second strip chart (2Y) = displacement data representing a 
change in the vertical position of the elbow. Maximum 
values (e.g. 55 mm) occur when the upper arm has been raised 
to shoulder level in the sagittal plane. Minimum values 
(20mm) occur when the longitudinal axis of the humerus is 
parallel to the longitudinal axis of the trunk. Third 
strip chart (1A) = EMG recording from the biceps brachii . 

The biceps was monitored as the prime forearm flexor. ~ 
Fourth strip chart (2A) = EMG recording from the triceps 
brachii . The triceps was monitored to determine it s role in 
control of the extension phase and its level of activation 
during shoulder flexion. 

Observations : 

Without cocontraction, biceps activation seemed 
substantially reduced when compared with previous trials 
(Figures D43, D44, D45). Peak activation in the biceps now 
occurred during the recovery phase; that is, while the 
humerus was being returned to the side. This late biceps 
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peak may have been related to controlling the tendency for 
gravity and inertia of the forearm to cause extension at the 
elbow. Although this late biceps peak was consistent in its 
phase relationship with the movement, this was clearly a 
much different pattern than that observed on other trials 
with other subjects. These kinds of intersubject differ- 
ences point to potential difficulties in the design of an 
algorithm intended to merge the influences of multiple 
muscles in movement control and maintain its applicability 
across multiple subjects. 

The triceps was not the agonist in shoulder extension 
since gravity was operating and there was no resistance. So 
the shoulder flexors controlled extension eccentrically. 

The triceps peak observed in these trials coincided with 
maximum shoulder flexion and may pertain more to counter- 
torque slowing flexion, than to any attempt at extension 
control. This peak may also have been a function of an 
activation induced by stretch. 

When the reaching action was performed under conditions 
of tension (intentional cocontraction) activation levels 
were generally increased, and biceps activity was evident 
much earlier in the action. As seen in Figure D48a,b,c the 
biceps was active in the early stages of shoulder flexion. 
This pattern more closely approximated that seen in earlier 
trials. However, the "cost” in variability was high. Note 
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for example the variations in the triceps pattern across 
Figures D50a,b,c. While it may have been useful to "set" 
the muscles to something other than the minimum level of 
activation when working without resistance, control of the 
tension level was quite variable and not conducive to a 
consistent control signal. 
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6,1.3 Reaching, (Forearm Flexion then Shoulder Flexion); 
Sagittal Plane 


Special conditions : With and without co-contraction 

(Phase I only) 

EMG: anterior deltoid and latissimus dorsi 


Description : Inital position; subject seated, right 

arm hanging, relaxed at the side. Right side was facing the 
cameras. LEDs marked the wrist, elbow and shoulder. The 
subject was asked to perform a reaching motion initiated 
from a flexed forearm position, humerus aligned with the 
trunk. The midpoint of the movement was when the arm was 
extended at shoulder level. From this midpoint, the 
movement was characterized by simultaneous extension of the 
humerus and flexion of the forearm until the humerus was 
approximately in line with the trunk. - - 


Figures: D51 a,b; D52 a,b,c; 

Top strip chart (3Y) = displacement representing a change in 
vertical displacement of the wrist. Peaks (e.g. 60 mm) 
occur when the wrist is at shoulder level. Minimum values 
(e.g. 20 mm) occur when the humerus is in line with the body 
and the forearm is at a 90° angle with respect to the 
humerus. Second strip chart (2Y) = displacement data 
representing, a change in the vertical position of the elbow. 
Maximum values (e.g. 55 mm) occur when the upper arm has 
been raised to shoulder level in the sagittal plane. 

Minimum values (20mm) occur when the longitudinal axis of 
the humerus is parallel to the longitudinal axis of the 
trunk. Third strip chart (1A) = EMG recording from the 
anterior deltoid . The anterior deltoid was monitored as a 
prime mover in shoulder flexion. Fourth strip chart (2A) = 
EMG recording from the latissimus dorsi . The latissimus 
dorsis was monitored to determine its role in control of the 
extension phase and its level of activation during shoulder 
flexion . 


Observations : 

The anterior deltoid (1A) exhibited a good phase 
relationship with the flexion/extension pattern of, the 
shoulder. This was expected as the anterior deltoid was 
shown in single-segment tasks to correlate well with 


shoulder flexion. The latissimus dorsi, on the other hand, 
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is a shoulder extensor under conditions of resistance. . 
Again, when assisted by gravity, shoulder extension was 
controlled by the eccentric contraction of the agonist, or 
anterior deltoid. Under these no-resistance conditions, it 
was hard to envision the latissimus dorsi having a control- 
ling influence on shoulder extension. The peak latissimus 
dorsi activity occured at the peak of shoulder flexion. 

This activity most likely related to movement artifact or 
passive stretch. 

Under conditions of cocontraction tension levels 
increased, and once again there was increased variability. 
Note the changes in EMG patterns across trials D52a,b,c. We 
experimented with cocontraction trials to see if a reason- 
able control signal could be evoked from superifical muscles 
that were perhaps not prime movers, unless under conditions 
of resistance. While signal strength was increased under 
these circumstances, the variability in signal pattern also 
increased substantially. This variability eliminated 
cocontraction as a functional strategy in finding a reliable 
control signal for limb positioning. 














178 




j TIME (sec) 1 (b) 



movement in the sagittal plane. 














NAG 5-895 EMG Signals 

179 


6.1.4 Normal Reaching Movement; Sagittal Plane 

Special condit ions ; Slow and moderate speeds (Phase II 

only) 

EMG : biceps brachii, triceps brachii, anterior deltoid 

and posterior deltoid. 

Description : Initial position; subject in FSP , right 

arm hanging relaxed at the side. Subject was asked to per- 
form a normal reaching motion; simultaneous forearm flexion, 
shoulder flexion, and forearm extension to reach the mid- 
point of the movement where the arm was fully extended and 
at an approximate 90° angle with the trunk, as viewed from 
the sagittal plane; the movement continued with simultaneous 
forearm flexion, shoulder extension and forearm extension to 
return to FSP. 

Figures : D53 a,b; D54 a,b; D55 a,b,c,d,e; D56 

a,b,c,d,e. EMG records from the biceps and anterior deltoid 
are displyed in the top graphs of D53a,b, D54a , b , D55b , and 
D56b. Displacement representing a change in angle is dis- 
played in the bottom graphs of D53a and D54a, for the 
shoulder, and in D55a and D56a for the elbow (peaks indicate 
maximum flexion; valleys indicate maximum extension). EMG 
records from the biceps and triceps are displayed in the 
bottom graphs of D53b, and D54b, and in the top graphs of 
D55a,c and D56a,c. EMG records from the triceps and 
posterior deltoid are displayed in the bottom graphs of D55b 
and D56b . EMG records from the anterior deltoid and 
posterior deltoid are displayed in the bottom graphs of D55c 
and D56c. " kaw EMG data is displayed in the top graphs of 
D55d, and D56d, for the biceps , and in D55e and D56e for the 
triceps . The corresponding processed EMG signal is dis- 
played in the bottom graphs of each of the aforementioned 
figures . 

Observations : 


This normal reaching motion had some similarities to 
that conducted in section 6.1.1, however, there also were 
some differences. Bicep activity peaked during the first 
forearm flexion (i.e. prior to the midpoint of the movement) 
then gradually tapered off in the slow movement trials 
(Figures D55a, D56a), but displayed a double peak in the 
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moderate speed movement trials (Figure D53a, D54a). This 
second peak was probably related to forearm flexion that 
took place after the midpoint of the movement, during 
shoulder extension (Figures D53a, D54a). Tricep activity 
again displayed a slight rise (Figures D53b, D54b , D55a, 
D56a), which may have been used to decrease the speed of 
shoulder flexion, or perhaps hyperextend the elbow joint 
(more evident in Figures D55a , D56a, as peak triceps 
activity occured at. maximal elbow extension). As in section 
6.1.1 (Phase II) the raw data for both the biceps and 
triceps did not correspond well with the processed signal 
(Figures D55d,e, D56d,e). These results clarify the 
importance of obtaining a clean signal. 

Anterior deltoid activity correlated well with shoulder 
flexion as expected (Figures D53a, D54a). Once again it was 
evident that elevated bicep activity may have been related 
to shoulder flexion. Posterior deltoid activity displayed a 
very different pattern from that displayed in Phase II of 
section 6.2.1 (Figures D55b,c, D56b,c). This activity, 
which was very distinct and almost completely out of phase 
with the anterior deltoid activity, may reflect the effort 
to decrease the speed of shoulder flexion. 
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SECTION VI: SUMMARY 

The specific goals of this project were to establish 
the "goodness” of the human myoelectric signal for use as a 
control signal, and to determine a mathematical relationship 
between the human myoelectric signal and the corresponding 
limb displacement for a variety of conditions in a one- 
degree-of-f reedom movement. The investigation was seen as a 
two phase process. In the project reported here we 
completed the first of these phases. 

The first phase examined previously established 
EMG/force relationships for isometric and constant velocity 
muscle contractions. Data collection was supposed to focus 
upon a simple one-degree-of-f reedom movement (i.e. elbow 
flexion/extension). Collected data were to be processed and 
analyzed with emphasis on assessment of the quality of the 
EMG signal as a potential control signal. However, the 
first phase investigated numerous tasks ranging from a 
simple elbow flexion/extension task to a more complex 
reaching task. These data were qualitatively analyzed and 
assessed in reference to use as potential control signals. 

Collectively the data from the elbow flexion/extension 
tasks, conducted in both the sagittal and transverse planes 
under a variety of conditions, showed the expected phase 
relationships. Agonist muscles (i.e. elbow flexors) showed 
a lot of activity during sagittal plane elbow flexion, and 
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little activity during elbow extension as gravity acted to 
return the forearm to its original position. Antagonist 
muscles (i.e. elbow extensors) showed little if any activity 
during sagittal plane elbow flexion /extension. In the 
transverse plane elbow flexion/extension task, which lacked 
the influence of gravity, the flexors were active during 
elbow flexion and the extensors during elbow extension. 
However, there were large variations within the data of one 
subject and the problem of 'load sharing* among muscles 
seemed apparent. In addition, the importance of sampling 
rate and its effect upon the data became evident. Thus, the 

A' 

elbow flexion/extension data appeared to be adequate for a 
potential control signal in some but not all cases. 

Shoulder movement data was collected across a variety 
of conditions for all 3 degrees-of -freedom at the gleno- 
humeral joint: (1) flexion/extension; (2) abduction and 
adduction; and (3) internal/external rotation. In isolated 
flexion/extension and abduction/adduction tasks in the 
sagittal and frontal planes respectively, the agonist and 
antagonist muscle activity demonstrated good phasic 
relationships and corresponded to the movements. Unfor- 
tunately neither of these tasks were performed in the 
transverse plane, so unlike a nongra vitationa 1 environment, 
the effect of gravity was evident. However, at least under 
the conditions tested, these two degrees of freedom appeared 
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to have potential for control signals. The internal and 
external rotation task data did not demonstrate a clear 
distinction between muscles defined as internal and external 
rotators. Thus myoelectric signals from this degree of 
freedom may not be attainable for the purposes of control. 

Similarly data from the pronation/supination task did 
not show a clear distinction between the pronator and the 
supinators, except at the extremes of the range of motion. 

So EMG data from this movement would not be attainable for 
control . 

Data from the forearm flexor and extensor groups 
demonstrated good phasic relationships with each of the cor- 
responding movements: grasping and wrist flexion/extension. 
However, these movements were isolated, and the muscles are 
all within close proximity of each other. Thus if these 
movements were combined with each other or other hand and 
forearm movements, the distinction evident in isolated tasks 
may be lost. Thus precise control would be lost. However, 
use of these movements in isolation may provide ’trigger 
tasks' (i.e. a specific isolated movement used to trigger a 
different movement). 

Thumb and ’pinky’ movements were investigated as 
potential trigger movements. EMG data from both of these 
movements appeared to correspond well with the observed 
movement. Thus for movements which did not provide 
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differentiation between agonist and antagonist EMG signals, 
there were potential trigger movements. 

The most complex movement investigated was a two- 
degree-of-f reedom reaching task performed in the sagittal 
plane. For each subject, the EMG data appeared to 
correspond well with the displacement data. However, the 
action of two-joint muscles became evident. For example the 
biceps was activated for both elbow and shoulder flexion. 

If a two-joint muscle signal were to be used for a control 
signal, there were need to be some means of determining 
which movement is elicited by activation of that muscle. 
Also, comparison of the reaching movement data across 
subjects showed few similarities. Perhaps the problems 
associated with control of a one-degree of-freedom robot 
from EMG signals need to be dealt with before control of a 
more complex movement is undertaken. 

In summary the first phase of this project established 
that myoelectric signals from simpler movements, under some 
conditions, have potential for control signals. Myoelectric 
signals from movements conducted by agonists and antagonists 
which are far from the surface, or in close proximity have 
little potential for control signals (i.e. with surface 
electrodes). In addition, it would be easier to establish 
control signals from muscles which have only one function or 
those which span only one joint as opposed to muscles which 
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have multiple functions and span multiple joints. 

Future research is necessary to analyze these data 
quantitatively. The results of these analyses will lead to 
the second phase in exploration of the efficacy of using, the 
human myoelectric signal as a control signal for a robot: 
determination of a relationship between the myoelectric 
signal and limb displacement. 
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Investigator: 

Study: fat ty ~ Zlhoi) 

Date: 


Reference File: 
Calibration File: 


Disk : 
Disk : 


Subject Data: 


Name: phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other : 


LED Setup 

1. 

2 . 

3 • 

4 . 

5 . 

6 . 

7 . 

8 . 

Analog: 

mts , gitys 

btLTVlb 


Body Diagram 
•5 



SSS Form #3 
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IK 


PROMS : 2<r0 ^ 

A i r\ 

Analog 

AIM Alt: 1 




C3.VI: Field 

of View 

Caml 

X 

Y 



Cam2 



No. of Frames 

used in 

cal i brat i on : 


Average Distance: 

Caml 

Caml 

Yfjff- 

Cam2 

Cam2 

Camera Set-up: 

radi us 

Caml 


Cam2 


angle , © 





tilt 

Caml 


Cam2 


hei ght 

Caml 


Cam2 





File Titles: 


Comments: 




SSS: Form #1 
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Reference Creation 


Reference File: 
Creation Date: 

Investigator: 

Study: 




^ £ ' ■ 


Disk: 



Reference Description: 


LED 

# 


Coordinates (in mm) 
X Y Z 


Detected Light Level 
Caml Cam2 


1 

0 S'l 4 

0 

2 

o Joqi 

0 

3 

4 

i 

0 

5 

0 J-»± 


6 

C) /0S~i 


7 

5ZJL. £Li 


8 

5Jj$L 10^2 

^ <r ft 


Apera ture 


Cam2 


Analog: 

Ch. Units 


Offset 


1 

2 

3 

4 

5 

6 

7 

8 


mL 


Scale Fac.tor 

—r_JX 


Description 


Reference Diagram: (mark and number LED locations) 



For hanging 
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reference: Front track 

Back track 
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SELSPOT Data Collection - Trials Records 


Investigator: 
Study: 


Ai etJ J A) 



TRIAL FILES /v)A : n /Oe^l f ^^OMKENTS 


y 1 

Stool 3 

.RAW 

DISK 

_ £>AiU A - "HicCjp ~ 10 

1 ' _ *£ - - ¥ 



00*13 

__. P os 

DISK 

. u, ^ lr> , A--v: t < ( 

fcVtJL - 5l olr j 



. POF 

DISK 




iSooft 

.RAW 

DISK 

_ ^fUvJ ... 




.POS 

DISK 

Q 




.POF 

DISK 




Hoods' 

.RAW 

DISK 

1-5 "T^.^ 3 ft' 



rtoo'j'f 

.POS 

DISK 

4 

J 1 .U 



.POF 

DISK 




65 

.RAW 

DISK 

6/m^A'IO 



< 10 ° U 

_.POS 

DISK 

ji 

£■ VS 51, 



.POF 

DISK 




<$5Q0 19 

.RAW 

DISK 

If TlC^S'' </wtL_ f*/Av • " -SI.J 


6 <ool\ 

.POS 

DISK 

»1 - 




.POF 

DISK 



si* 

65ov e \9 

.RAW 

DISK 

/£ <LwU«-p'r 




.POS 

DISK 

if 




.POF 

DISK 




46ot>W 

.RAW 

DISK 

ff ci'oN. 



Kooll 

.POS 

DISK 

17 _ 




.POF 

DISK 




<60100 

.RAW 

DISK 

If 1rl<J:\*~- 

- &-/■ 


^<o\oe> 

.POS 

DISK 

If 




.POF 

DISK 




i 
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Investigator: 
Study: 



TRIAL 

FILES 



sa;^ comments 


l5c?lo 1 

.RAW 

DISK it 

"A s *2 


ViOlOl 

.POS 

DISK 13 




. POF 

DISK 






A ( (0 % 

[0 

55e>i 0 2. 

.RAW 

DISK JLO 

10 ic — / 

A-X* ■ “ ” ■" 

55<3 1 0 3L 

.POS 

DISK XO 




.POF 

DISK 


✓If 

550(0 3 

.RAW 

DISK &L0 

5/l«u(Jm. irl-^0^ 


^0lO 

.POS 

DISK IJQ 

. A * 1V*Y«|. 15 *_$£ If 



.POF 

DISK 

'zv; 1 ' L'YY' Z-'.'T-’ 


6-$4| W 

..RAW 

DISK £.0 

i 

5LJiu ?>5 ^ 



.POS 

DISK 




.POF 

DISK 






£ai»% /U /£> ^>*3 

✓I"* 

55 olo ^ 

• RAW 

DISK 9-1 

-ft-* n e tu fl<* - SLJJ fl<* 


polos' 

.POS 

DISK Rf 




.POF 

DISK 


✓/V 


.RAW 

DISK £l 

t'lLj -<Ul fl*>i 


iio l OQ 

.POS 

DISK ?-l 

A mo It* Z 



.POF 

DISK 


✓l*> 

66o\t>y 

.RAW 

DISK $_2_ 

t'lu fu -<i LJL fV 


teolo ?• 

.POS 

DISK 2.2. 

/*M& 



.POF 

DISK 


^ 1 & 

5$0|o£ 

.RAW 

DISK W 

-T/t ** U €\L^j -£Uk #■***> 


<5$ lo* 

.POS 

DISK 22. 

C\o$+J £’*>{" //JfihuCsaf 



.POF 

DISK 
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SUBJECT 




DATE 


: y/r 



INVESTIGATOR ( S ) 


.• -fiij * a}M 


lition: jj-Hui i) J l TTT^jj. 'J j - 


MOVEMENT: 

a) Initial position: j/tiyVj Jl'Y' fTTy. 

b) Direction of 1st movement: 

c) Definition of 1 repetition : ^ ^ 


MOVEMENT DIAGRAM: 

”y N . ; Ykjcd 


DATA FILE NAME: -pAj 

MYOLAB I MUSCLE GRP GAIN SCRN CH 




r 

FSV BL 


4 


CH A 
CH B 

MYOLAB II 
CH A 
CH B 

GONIOMETER 
JTl: (S^ x 
JT2 : 


Ok / /* 5 V/ _ 

i^f ? /.-W/ 


^0 


l 3 


3 


“f 


H-S 


l,9o4/ 


DOF MEASURED 


SCRN CH 

3 


FSV 


BL 




SAMPLING RATE 


NUMBER OF REPETITIONS/SET: 
NUMBER OF SETS: 3 


. samples/sec MOVEMENT SPEED :/FASf) 

piA. (Ua»-3 V 

. ^ 


MED SLOW 


INITIALIZED DATA FILE SIZE:. L /*7 £oo 
COLLECTED DATA FILE SIZE: 3 


ADDITIONAL COMMENTS: 
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NASA DATA 


SUBJECT 


: fc^jj 


DATE: 


/» 


V 


ha 


INVESTIGATOR ( S ) ; j CJa’cIls- 

MOVEMENT - au» f/u ‘ r*f 

a) Initial position: £"*-/- 

b) Direction of 1st movement: ?(<,■>(. 

c) Definition of 1 repetition: 

' £>4 


MOVEMENT DIAGRAM: 


M VO LAB I 

MUSCLE GRP 

GAIN 

SCRN CH 

• FSV 

BL 

CH A 






CH B 

MYOLAB II 

I3'c0-|? 


2 

1 • 

■o7% 

CH A 
CH B 


A . 

i 

i 

' 

\\ | 
1 
1 

/• ^0<i[ 1 

-1%X 

GONIOMETER 
JT1 : 

DOF MEASURED 
£LB0W fO£X/£*TrNS(OA) 

SCRN CH 

3 

FSV 

I- 2^// 

BL 

■ 7c/ 


JT2 : 


[sAr»\PLlM6-RAr£ 1 J *7 [kumBEROF INPOT CHANNELS ACTIVATE^ 1 

SAMPLING RATE: ^3? samples/sec MOVEMENT SPEED ^RASf^ MED SLOW 

{^percHannel ) 

NUMBER OF REPETITIONS/SET: £ 


NUMBER OF SETS 


: 2 


INITIALIZED DATA FILE SIZE:_ 
COLLECTED DATA FILE SIZE:_ 


ADDITIONAL COMMENTS: 


^ VtoCD.V 7UE?<EC> in exmOOlTD pesi'4** 

Wou>, t\i ■ 
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Investigator: 

Study: - 

Date: 


Reference File: 
Calibration File: 


Disk : 
Disk: 


Subject Data: 


Name: phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other : 


LED Setup Body Diagram 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

Analog: 

t 

^ SlC ±£ S 
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Calibration File: 
Creation Date: 
Reference File: 
Creation Date: 

Investigator: _____ 


Calibration Data 

_ 

'.ZRi^g^ZJjlZZZZZ 

s 


PROMS: 
AIM Alt: 


Anal og 


C3.VI: Field of View 




Caml 



Cam2 


No. of Frames used in 

cal i brati on 


Caml 


Average Distance: 

Caml 

- 

Camera Set-up: radius 

Caml 


angle , 6 



tilt 

Caml 


hei ght 

Caml 

_ 


Diagram 


File Titles: 
Comments: 


SSS: Form #1 
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Reference File: 
Creation Date: 

Investigator: 

Study: 


Reference Creation 

k I s&LIjai 


Disk: 


Reference Description: 


Coordinates (in mm) 
X Y Z 


Detected Light Level Aperature 
Caml Cam2 


Caml 
Cam2 I 


1 

0 

& 

/*• 

2 

6 


Q 

3 


'L.H 

/*, 

4 

SzdL . 

. ill 

0 

5 

0 


__ I'll- .. 

6 


ivy 

7 


— 


Units Offset Scale Factor 

Ml/ 


Description 
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ORIGINAL PAGE IS " " 

v v OF POOR QUALITY; 

^ ^ SELSPOT Data Collection - Trials Records 

Investigator: / dJ& •d *- , Date: ^ /'l f kb_ 

Study: Li v\£ >L- Ik la. 'jiC MX J±V-L& l i ' 

TRIAL FILES COMMENTS 

, c _J_ 1 SgjLfg _. RAW DISK A^oY //>.<■ £jL£_z</£xt Lc, 

j ( f C %, / fit/] ^50^00 .POS DISK /jr_5^Q Ga\iO A~- 3-5 R- V. *<> 

V * P0F DISK £0X_ 

I ^ C ,,c S^oJLClI .RAW DISK/M3£4 11 iUv//$Yf 

r p 'o: siQ-zoj- gr . pos disk : 

. POF DISK 

^ Y I ■ < _JL .RAW DISK ^_5 _L1_ 

sT ! j tfioTj <^>< 9 ZO 2^E - pos disk _ 

^ .POF DISK 

: 1 J- c ]0° ^L^S5Q_2£_3__. raw DISK 1'. Xl£*/iUi 

’ a cA Uo ‘ JL222&3—- POS D ISK a)*SA £ 

nvu -POF DISK Lc ~ 

e i r \0° S 55oap ±L .RAW DISK <ua$A L u C O-CdriTt flC'liO tJ «■ 

c \ \» ^ r^^^.e£^±/_.POS DISK On &J^ sltjk. +J„,\ L<L 

.POF DISK \J\ J ' L * ^ tlLiJU ) 

j I t . RAW DISK f^5A£ 

Lr C 'f ■' .,^C^^5s££^_.POS DISK 

• rf‘,r C 1 .POF DISK 

t/ ' C ' C j 0 55 0<% 0 (c .RAW DISK iy^A7 ^ f- ; ' 

f *P° S DISK {_ C, 

^ j uTjJ * P0F DISK ^ 

S ^O cWl .RAW DISK lO&til tV Co~entJ7ibC*\0N J - 

rj&y $£Q3 £LL Z- • POS DISK (foAl&fr-Oi da) b^ 4$) /o 

.POF DISK 
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ORIGIN AD PAGE IS SELSPOT Data Collection - Trials Records 

OF POOR QUALITY 

Investigator: C / K £ / ~T liU*! /. v/ Date: 0 7 

Study: ' ~ 


TRIAL FILES COMMENTS 


<77 9 55 Q 30 g .raw DISK / 3 h ff j-fOrJT/l'rC-] 


vO" 




I' 


• tl/y - ' * j JLL°S?iL£ . POS D I SK 

' - 'J. . pof disk 

J./T 




_L 3 _ 3 jQilD__X£iiLU- 




5 $Q£oQ .RAW DISK _L 3 I! Co- 

5 S( 9 cRo 9 .POS DISK 13 ( 6 t-ar> t£\h I ^ ^ 

.POF DISK 



..RAW DISK 
..POS DISK 
.POF DISK 


' J 6fP raw 

KiUaJ & 

/ /-M 

s^oa n . raw 

/ J 2 ^£ii .pos 

. POF 


U 


\' 



jj> SS O<^ l( 4 U . RAW 

2 Q&, )JU . POS 


.POF 



iJL sip an -haw 

50^13 . pos 

. POF 


\5 5 SOc 3 l 4 / .RAW 

■^T) 5 > 5 q^A . pos 

to . POF 


DISK _lf/ 
DISK fV~ 
DISK 

DISK t ^7 

DISK 

DISK 

DISK I 5 

DISK 

DISK 

DISK 1.5 
DISK 
DISK 


JM-jfe&lt 


55 


ftr En fotfi Aj~q ,0 . 

/W Coop -* /^O MC+A^ty oa>\ 

\ IS 0 (. /-j 


u 


l( 


'J' " ' 

5‘5 


^ 2 . 0 , _ .. ik -1 


Ji ^ 

_A. 2 i.ii 3 LQ—JPY S 3 

B & (. (X \ U - i! 0 . 

7oJpt rV'i/tK c;»v 

<1 

lil:'--' 

' 5 ^ 





DISK I la 

DISK 

DISK 


C6-(otqtI Ac 1 10*0 


JLJlL-M 


— 3 l_. 

Tfci A ij 


55 
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SELSPOT Data Collection - Trials Records 


Investigator: cJf '\ 'Jif ! , Date: C/c? rt/ f, *7 

study: ^ \-s2r jt'sTo ^ • iT-:.:/ A, 7~_L. - 

TRIAL - FILES COMMENTS 


W -V 00° J_S_.RAW 


AlKxi t> 

■V 


v\ 


1/0 


..J, W y » i 

<> 55 j 3. \ 5 . pos 

- ^ r LeA - <»/■ f ‘•r-^ . 


POF 


_Q._^ 5_5P_iili2_ -RAW 

55 £ <2- 1 ^ . pos 


.POF 


_ 1 . 1 L _ 15 jQ^_ 1 ^__.Raw 
l v ^ 5 L 5 LL: 1 ____ • pos 

.POF 


DISK _1^2 
DISK 

DISK 

DISK n 

DISK 

DISK 



[600 V r T t i A l) 
jiai. ilkiLl i£_. 

mcnj^rlilc jj W_ 


o 3 



55 


]t5oP~- 



DISK 47 |_v 

DISK ... ££ LDrtZ£Bcj_iPyJ_ 5T5 

DISK CCn^ryl) T £-\ /±l) 


►- u 


to SSQ 6 ^ff . RAW 

v/ 55Q<%)g .pos 

.POF 


DISK M 

DISK (/) C £r O Tl^C V v £ rJ 

DISK 


55 



M 



53 Oo?\ 9 . RAW 

<5 X I j . pos 

.POF 


DISK 1^, L 

disk . 55 

disk __ Jj2iL-3&A !^_ 55- - 


.RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 
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(D 


DATE: 


/ i /Vf 


NASA DATA 
SUBJECT: 

INVESTIGATOR ( S ) : 'P'RuMUi L. ClCisko, 

E»bow> 

MOVEMENT: X»\ MOVEMENT DIAGRAM: 

a) Initial position: 

b) Direction of 1st movement: 

c) Definition of 1 repetition:^, . r 

/--I/ r'',' I . rU'* U+t*4. 

^T/i /tj . "pfij 

DATA FILE NAME: 





MYOLAB I 

MUSCLE GRP GAIN 

SCRN CH 

FSV 

BL 

CH A 
CH B 

^• v t Y? 

i 


-.6^0 

MYOLAB II 
CH A 
CH B 

_ . _ 2 . _ 

.* sV/ 

_ L on 

GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

JT1 : 
JT2 : 

/ 

? "* r 

tfS'*//' 

2. 3$-$ 


p SAMPLING RATE: ^ LD ^° samples/sec MOVEMENT SPEED: FAST(^ME^) SLOW 
L) pi*r cKawjvA | » 206/5 - /^tC, 

NUMBER OF REPETITIONS /SET : ^ 


NUMBER OF SETS: 


INITIALIZED DATA FILE SIZE: / ^ <3-^ 

COLLECTED DATA FILE SIZE: 


ADDITIONAL COMMENTS: 

tii f 


fJeie. : 


K * 
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SUBJECT : ~T^V< TVnfl 

INVESTIGATOR! S) : *Tcm‘~f/u\y , ~Pdfr Ruiull 


DATE : I O'# SI 


MOVEMENT : ^bcw f Uyuvi/ MOVEMENT DIAGRAM: \ 

a) Initial position: ^ ^<a '^trr, 

b) Direction of 1st movement: 1 N (it Lit t) 


c) Definition of 1 repetition: 

A&-y j * /v-t> 



DATA FILE NAME 

: £LBrt.t>4r 




MYOLAB I 

MUSCLE GRP GAIN 

SCRN CH 

FSV 

BL 

^/62fc3t>3 ch a 

Bleep 6 

1 

.2/3// 

/*W 

CH B 

MYOLAB II 

-rtfuer ^ 

2. 

213// 

* 6P.C? 

CH A 





CH B 





GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

JT1 : ELBUJ 

P/£ 

5/v "5 

. $ 5V// 

2.3\S3 


JT2: 


SAMPLING RATE : 2&Q samples/sec MOVEMENT SPEED: FAST 

1 ptrtha*n-t| - 2£>0 / 5 r ,*>C*mp4<0 
NUMBER OF REPETITIONS /SET : IQ 



SLOW 


NUMBER OF SETS: J> 


INITIALIZED DATA FILE SIZE : Ue=8 IQ^HGC> 

COLLECTED DATA FILE SIZE: I U $ $3 


ADDITIONAL COMMENTS: 

*0 *4 ijor 2 ^ a+1 cL 3 ** ~ 


ftQc/t*j p/r^nruc/ '"h‘IOp ttfpWtiOr\ 


SOJ 'bmp 
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NASA DATA 


SUBJECT: 

INVESTIGATOR ( S ) : P.fcWolJ l Cl 


1° c 
DATE: / 1 


/Si. 


MOVEMENT : 


Clbovo-fU^iivv /ea^b\^n o*/ cocc^ J move 


a) Initial position: 

b) Direction of 1st movement: p7«-xi.^ 

c) Definition of 1 repetition: 


MOVEMENT DIAGRAM: 


fa- 


Trlo-y \ 0 t* f 


DATA FILE 


NAME :__L1L E^L T7/T 



MYOLAB I 

MUSCLE GRP 

GAIN 

SCRN CH 

FSV 

BL 

CH A 


y_ _ 

1 


-.642 

CH B 


^<6 

2 

1 1 

- 1 1 

1 1 


MYOLAB II 
CH A 
CH B 


- - - 



GONIOMETER 

DOF MEASURED 


SCRN CH 

FSV 

BL 

JT1 : 
JT2 : 

1 


*3 **5* 


2-3^ 


#■ SAMPLING RATE : ££ samples/sec 

L per channel 2X)0/q - 4 

NUMBER OF REPETITIONS /SET : 0 

NUMBER OF SETS: 3 


MOVEMENT SPEED: FAST (mE^ 


SLOW 


INITIALIZED DATA FILE SIZE:_ 

COLLECTED DATA FILE SIZE: 


ADDITIONAL COMMENTS: 


f 6<rf . i*jj C& 
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Investigator: 

Study: 


Date: 


~ /hAxjo*. ! Eat • 

effaj 


Reference File: 


Disk: 


Calibration File: 


Disk: 


Subject Data: 

Name: phone 

Age Height Weight _ 

Segments Lengths: Forearm 

Upper Arm 
Trunk 


Other: 


Thigh 

Shank 

Foot 


LED Setup 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

Analog: 


Body Diagram 



&r* ^A c. AMefci*/ 

SSS Form #3 
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D 

)- /£ VbLt^ 


Investigator: 
Study: 


TRIAL 

FILES 


} 

KoiSt^L 

.RAW 


/ 

.POS 



. POF 

2-. 

$So\&£ 

.RAW 


/ 

.POS 


~ 

• POF 

i 

4SO/ £ S 

.RAW 


<5D/fS 

.POS 



.POF 

7r 

^>o\ $ 4 __ 

RAW 

.POS 



.POF 

? 

S$o 

.RAW 



.POS 



.POF 

4 


.RAW 



.POS 



.POF 

r 

^.otsn _ 

.RAW 



.POS 



.POF 

b 

iWiGS 

.RAW 



.POS 



. POF 


Date: 


COMMENTS 


disk itfJil JAIL •jf ('o&oh n£c>cr>o ^ 

DISK 

DISK 


DISK^T_ 

DISK ( V-VOfi-rKcc-nt ^ 

DISK 


DISK & T£*/’. CC.- rm>b S/rfl UOf ft>- fiU Ttorpi- 

DISK _3 

DISK 


disk 8 '■ ICr • PKrStfrb u >j 

DISK 

DISK • 


DISK & "7ft *-3 •• LC : RKT Srtafo 

DISK 

DISK 


DISK 7d Tg*V/ Lt' ' flfo 0' )£>: sf££ t> 

DISK M ! Co- COAT# Any dr\ 

DISK 


DISK jO__ 7£*J£'J Al. Q-/d : /nob ZfrPb 

DISK uJ( nc- rc>f\ TftQOffO S) 

DISK _ 


disk /0 t£ H : ic fort. o-/o: o<?£no(^L- 

DISK Mcrn&r^ 

DISK : 
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SELSPOT Data Collection - Cover Sheet 


Investigator: 

Study: Flbo*} ( SfyOK iJcf 

Date: 

Reference File: 

Calibration File: 


Disk: 
Disk : 


Subject Data: 


Name : phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other : 


LED Setup 

1. 

2 . 

3 • £-Ht)U 

4 . 

5 . 

6 . 

7 . 

8 . 

Analog: 

, glty s 

fin r-efoof btuTLi a 


Body Diagram 
g srKt)uJl«ie^ 
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Calibration Data 


Calibration File?: 
Creation Date: 
Reference File: 
Creation Date: 


_ tit uj v L 

1"ZL1l/VL 

_>JJL 


Disk: /_^ 

Disk: i ^ 


Investigator: /-A M <~i. / Clidz-t Study: __A^A- 

2_ : I_ 

F'ROMS : Ai^V . Analog? 

AIM Alt: I 


C3. VI : Field of View X Y 

Caml 

Cam2 

No. of Frames used in calibration: 


Average Distance: 

Cam 1 
Cam 1 

ZiJJb 1 " 

Cam2 

Cam2 

JLJlLl 

Camera Set-up: radius 

angl e , 6 
tilt 
hei ght 

Cam 1 

Cam 1 
Caml 


Cam2 

Cam2 

Cam2 

- 


Di agram: 



File Titles: 
Comments : 


SS3: For in 1)1 

3/87 
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Reference Creation 

Reference File: 

Creation Date: SIi^lLcL 


Investigator: 

Study: 


c- C'VV 'r K C 

mu i 


Disk: 



Reference Description: 


LED Coordinates (in mm) Detected Light Level Aperature 
U X Y 2 Cam 1 Cam2 


1 

(9 S"><* 

® Cam 1 

2 

O _L0<LL_ 

0 Cam2 

3 

SJl. 1L1_ 

5Xi JQSJL 

0 

4 

0. . _ 

5 

O S>±_ 


6 

o /as"* 

J" o 

7 

SJJL ^\5 

<^<( 

8 

s *? <*• ) c tr 2 



Analog: 

Ch. Units Offset Scale Fac.tor Description 

2 --- 

3 

4 

5 II IIII I I 

6 

7 

8 



page [ of __2z- 

SELSPO T Data Co l 1 ect i on - Triala Records 

Date: S [/V /V? 
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n vest i gator : f j . S 1^/ 

♦ llHv* ' 


Study: 


•> 


t^L_ 


TRIAL 

FILES 


yJ_ 

Stool 3 

. RAW 

DISK 


J±oo_13- 

. POS 

DISK 


— 

. POF 

DISK 

^'L 

6‘joo c \% 

. RAW 

DISK 



. POS 

DISK 



.POF 

DISK 

^1- 

TleorT 

. RAW 

.POS 

DISK 

DISK 



.POF 

DISK 



6580^6 

.RAW 

DISK 


Si°°l L- 

.POS 

DISK 



.POF 

DISK 

u-: 

SioolQ 

.RAW 

DISK 


■ it j . 


1't 


A- 


it. ffc* “ " 5l«J 


POF DISK 



±1p_2±L. 


. RAW DISK _/_^_ ^ J 

. POS DISK Jj£ 

..POF DISK 

, ga - a<* ft a fr y / 

..RAW DISK n -- foy 

..POS DISK _U_ 

.POF DISK 


lod 


..RAW DISK _ii. rl kc-j jkfu* -. 'h i 

..POS DISK _ll 

.POF DISK 




• t 


SSS Form #4 
4/87 
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NASA DATA 


SUBJECT 




DATE 


: ft 


INVESTIGATOR (S ) 




<i iJL i*~ "52/7/*/ *?(*«*- 

MOVEMENT: r 0 MOVEMENT DIAGRAM: 

a) Initial position : 4no.faY\\'at* q 0 , /ao~ Cj 

b) Direction of 1st movement: Pl-exit/ft . 0 " 7 rU^ 

c) Definition of 1 repetition: p )«*!**/ £xteM«»u -n 






DATA FILE NAME 

: Sfeflc f&ML 


0 ° ' 

€yf 

MYOLAB I 

MUSCLE GRP GAIN 

SCRN CH 

■ FSV 

BL 

CH A 

M 'feH' 2 

1 

A?// 

-A? 

CH B 






MYOLAB II 

S' 

2 

. .'5 s ?/' 


CH A 
CH B 

U PJ+ 

«/*</ 

_ _._a_ 

, a 

GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

?. ?■?/ 

JTI : 
JT2 : 

sap FLjeyi&z / efte^s/u^I 

3 

A’fof/i 


[sAmpuMfrRArE : 2££2_ j *T [ number of input channels activated -H-"] 

SAMPLING RATE: V 00 samples/sec MOVEMENT SPEED: FAST (^MEP ) SLOW 

£f*r channel) 

/ 

NUMBER OF REPETITIONS /SET : 

NUMBER OF SETS : 3 

INITIALIZED DATA FILE SIZE: 

COLLECTED DATA FILE SIZE: VClLi 


ADDITIONAL COMMENTS: 


229 


SELSPOT Data Collection - Cover Sheet 


Investigator: 

study: j 

Date: 

Reference File: 

Calibration File: 


Disk : 
Disk : 


Subject Data: 

Name: -J - 

Age Height 


phone 

Weight _ 


Segments Lengths: 


Forearm . > Thigh 

Upper Arm > / Shank 

Trunk Foot 


Other: 


LED Setup Body Diagram 

i • 6t;eisf 



VK**> 


8 . 


Analog: 

fowurixiTD/) - Pro/ mb or riH mvuj 

fozvwof btLrt»b 

— teJav 'ftUaJ k - /hb/rtt/ cktkrd 


SSS Form #3 
4/87 
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Reference File: 
Creation Date: 

Investigator : 
Study: 


Reference Creation 

ns 

Zi-zJX'JJ. I_I__ 

JSi -L 

tetML 


Disk: O 


Reference Description: Cax 1>C. f'- a - 


LED 

# 

Coordinates 
X Y 

(in mm) 
2 

Detected 
Cam 1 

Light Level 
Cam2 

Aperature 

1 

o 

0 


f 

Caml 1 

2 

0 ipsJi 

b 


? 

Cam2 _[ 

3 

£■)<? 

0 

3 

O 

4 

£32 !&£* 

Q _ 

? 

1 0 


5 

o m 

s'** 

_ iL 

7 


6 

£> lcj* 


10 

K 


7 

51^ W 


T> _l J 

7 


8 

5i3f 


± 




Analog: 

Ch. Units Offset Scale Factor Description 

1 _Kt A1 

2 _ __ 

3 2_I~ 

4 


6 

7 

8 


Reference Diagram: (mark and number LED locations) 




For hanging reference: Front track 

Back track 


SSS Form #1 
4/87 
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Calibration File: hJSCAL. s’ 1 ^ 


Di sk: 

n 

Creation Date: 

Reference File: *> 1^6 . 12. eV 

— 

Di sk: 

n 

Creation Date: »y - Y-? 

A I'll l 

I n vest i a at or : 

Study : 

l‘ j/. V- / •. 



PROMS: Jkoojjl Analog? 

AIM A1 1 : I 


C3.VI: Field of View 

Caml 

X 

Y 

Vo 


No. of Frames used in 

Cam2 —JrL± 

cal i br ati on : 

Caml /DO 

__VP__ 

Cam2 

ioO 

Average Distance: 

Cam 1 

_-5_ 

Cam2 


Camera Set-up: radius 

ang 1 e , <■ 

Caml 


Cam2 


tilt 

Caml 


Cam2 


hei ght 

Caml 


Cam2 

JJJ te* 



File Titles: 
Comments: 


SSS: Form #1 
3/87 
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page 


of 


3 - 


SELSPOT Data Collection - Trials Records 


Investigator : 




Date: l4 m 

Study 

/OMA 










TRIAL 

FILES 




COMMENTS 

MvT>t>ur 

^ 1 

J<> 004 ) 

. RAW 

DISK 

n 

Arfr<- ic'— ^C-IT 

>4 - 3 £■*,; ^ - 3 


$<>00&\ 

.POS 

DISK 


1 -5U^ PXkM ■ Slev 



. POF 

DISK 




00/3 7 

._-RAW 

.POS 

DISK 

DISK 

n 

Q>>. A ' 3 Ga - 4 \j * c L. 



.POF 

DISK 



a- 


.RAW 

DISK 

JL 

^Aim A - *J "ft - 4 


£Soo0S . 

_.POS 

DISK 




.POF 

DISK 



JL 


.RAW 

DISK 

L^_ 

£a,U A-2 in 


.POS 

DISK 


"7*:J V rdJ<-< fi) aJJ tiff 



.POF 

DISK 



J 


.RAW 

DISK 

JL 

A ' 7. "fe Z 


-&PMSL- 

.POS 

DISK 


1 .£ AkJ+ALl tif 


.POF 

DISK 





.RAW 

DISK 

/y 

CA A'Z 1? X 


fipoetr, . 

.POS 

DISK 


& 6{,-+IJju tit 



.POF 

DISK 



A 

4 *> 00 ^ 

.RAW 

DISK 




AoM2 

._. pos 

• POF 

DISK 

DISK 

— 

^j_g, <UJL AUL£% 4U/ 

1 r 

4^# tr 

.RAW 

DISK 

!•) 

7- 15 Z. 


^00 t V 

.POS 

DISK 

AtoA Al ,f\) '“fl/ifif 




POF 

DISK 




SSS Fora #4 
4/87 
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2 


of 


2 


SELSPOT Data Collection - Trials Records 


Investigator: . Date: 

Study: 

TRIAL FILES COMMENTS 



• R AW 

5uL°Jl33- • pos 

. POF 


DISK / *> A ? is **• 

DISK " fc-V 1 y ALM vj 'TrcAf <Lj 

DISK y^l 



6399 -lJl * raw 

3 $ oo . pos 

. POF 


DISK ±k_ 

disk 9ki*± 16 l^sJ h k AL.AJ bpi&p A 

DISK 





31^9-Jj . R AW 

JlI 99.11 • POS 

.POF 


DISK jj A i 3 7- 

DISK -I'uJ'pI u ALjJ •>{{** f 

DISK p33 


33.99-1-2 • RAW 

5 6oo 17 . pos 

. POF 


disk JA ji-l HI 

disk <k)j if 3LJ< U,At / Aj u>ffap 

DISK SAjAC^isAA ' ^ 


.RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
•POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 


SSS Form #4 
4/87 



NASA DATA 
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. , ... DATE: iOjjjJlj 

SUBJECT : "TCflO fMcMn 

INVESTIGATOR ( S ) : 


MOVEMENT: SNCUUC>Efc. MOVEMENT DIAGRAM: 

a) Initial position : AvwJbiw^aJt 

b) Direction of 1st mo vement : /, 

c) Definition of 1 repetition : U 

T$aw - 

DATA FILE NAME : 5t> AbflD* P/4T 





£/vn 


MYOLAB I 

MUSCLE GRP 

GAIN SCRN CH 

FSV 

BL 

CH A 

iYhO bgCT 

5 1 


-.M 

CH B 

Vbct 



.-vO 1<| 

MYOLAB II 
CH A 
CH B 





GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

JT1 : 

bH(7 HW/hW 

3/4 

'^4 

<2 353 


JT2 


f SAMPLING RATE: _Jt_0 ..... samples/sec MOVEMENT SPEED: FAST(^MeJ) SLOW 
U p^tF**me( - 40 ^Cvrt|aIi^/6cC 
NUMBER OF REPETITIONS/SET : 6 

NUMBER OF SETS: ^ 

INITIALIZED DATA FILE SIZE: |0£40 Q 

COLLECTED DATA FILE SIZE: 3455*3 

ADDITIONAL COMMENTS: 

(0J?\UA *>W 
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NASA DATA 


SUBJECT: "Tptld. Mlkl . 

INVESTIGATOR ( S ) : l-^UUlL ^ ■ Cllrtkt ‘ 


DATE : lt)~ lb 'SI 


,|J , ARDOCTUTO /ACsbOCtUAl Vi/ CQ-€CY<iVG.A<TlC>'td 

MOVEMENT: SVttOldfif A&DOCUyWA 1 7 ' MOVEMENT DIAGRAM : 

a) Initial position: ni?D(lt<TL6V\ Ali^wvyrfP&irLtit 

b) Direction of 1st movement : 

c) Definition of 1 repeti tion : 

rtLul \ 

-Oi^yiaJS J 


DATA FILE NAME 


: SDAIV1DC.DAT 



MYOLAB I 

MUSCLE GRP 

GAIN 

SCRN CH 

• FSV 

BL 

CH A 

m- veur- 

* 

‘H4) 



CH B 

Hc[ mrtM 


*i?) 

1 ■'KJb 

+. co-7- 

MYOLAB II 

pi T T A 

■ - ANT ceirrr * 
PCi'T ninJerrL 

/ ( fi ‘6 uj daia ^ 


<? ) 

i-ltt 

. 66 > 

CH B 





GONIOMETER 

DOF MEASURED 


SCRN CH 

FSV 

BL 

JT1 : 

5HDABD/AT3»b 


3H) 



JT2 : 







SAMPLING RATE: olOQ samples/sec MOVEMENT SPEED: FAST MED SLOW 
Lp fU/t l^wrv* I * 33. C 
NUMBER OF REPETITIONS/SET: $ 

NUMBER OF SETS : 

INITIALIZED DATA FILE SIZE:_ I QMOO 

COLLECTED DATA FILE SIZE: J$(cT-Q 

ADDITIONAL COMMENTS: 

Rauod&k Jp' p** 



SELSPOT Data Collection - Cover Sheet 


Investigator: 

Study: tJ&Q/Lz (ft Lf 1 

Date: 


Reference File: 
Calibration File: 


Disk : 
Disk: 


Subject Data: 


Name: phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other: 


LED Setup 

1. 

2 . 


3. 


4. 


5. 


6 . 


7. 


8. 


Analog: 


*J tJtK L_ fj 6 


Body Diagram 
(rtlAA AWU- 

efbod) eei«ici(k-i' 

-& c 


SSS Form #3 
4/87 



Calibration Data 


Calibration File: _ _ sL P_5^ 

Creation Date: 

Reference File: __^5 

Creation Date: V 


Investigator: 


PRDM5: 
AIM Alt: 


Analog 


C3. VI : Field of View 

Caml 

Cam 2 

No. of Frames used in calibration: 

Caml _i£2 

Average Distance: Caml jL-JL $ 


Camera Set-up: radius Caml 

angle ,6 
tilt Caml 

height Caml 


Di agram: 



File Titles: 


Comments: 


SSS: Form #1 
3/S 








Ref ere rice Creation 
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Reference File: 
Creation Date: 

Investigator: 

Study: 




: : 

/- / O' 


Disk: AV* ^ 


Reference Description: 


LED 

Coordinates 

(in mm) Detected Light Level 

Apera 

# 

X 

Y 

Z Cami Cam2 


1 

0 


0 

Caml 

2 

Q _ 


0 

Cam2 

3 

*n. r r 

— - 

0 


4 



n 


5 

O 




6 



5. 


7 





8 






Analog: 

Ch. Units Offset Scale Factor Description 


1 

2 

3 

4 

5 

6 

7 

8 


Reference Diagram: (mark and number LED locations) 



For hanging reference: Front track 

Back track 


SSS Form #1 
4/87 
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SELSPOT Data Collection - Trials Records 


RKSNAi; PAGE p nveati „ t0r . 7. JU 
B POOR QUALITY udy ; 

/ Jf-St n - A £>; * - 1 


Date 


• j/ O c? / 


TRIAL 


files 7^j-; 


COMMENTS 


» , l D * 

I . 5503^0 . 

raj/ 

DISK 

13 

~TH^ 1 ZTlrhejziu i f^zx '•' %J\A\>z> ^ 


\ 3 

t -"-J jJ-|l 5 c 

^ CSoa-ZO . 

«^os 

DISK 


~ 2 e.<-<'> fl-JM., AAhO*i>- f p,n* 5 . 5 



• 

POF 

DISK 


nir H" r — ^ y ■ - — — — 

^a.ia - i'x 4- 1 'eo» ptr * 5 5 73 i 6 »<p 

7 






rc^y.-c r A-H 1 3 l/S 5 


<L 4 - <?'/ 


RAi/ 

DISK 

13 

£ r^/cV- ,- 

4 

3 |.i e 

.52022.1 

^OS 

DISK 


A--H ' T3-V.$" 

“1 

£vj. ^ ? 

* \S v 

3 

POF 

DISK 


-T^fc A <K tf 

i 


•j -s-jai?-?- . 

raj/ 

r 

DISK 

/</ 

■^£^3 HAUA /w-w» — 



s-& Q 1 Z.Z-—, 

/os 

DISK 


4 * V 7$ * V, / 



. POF DISK 


-Tu/.-k A_H 1 


c'i w* 


^ <^ 2-3 , rajjK^ disk _W_ ~T)/ W ^Jrft<y 

y _iS^^2.5__vP^S DISK 


.POF DISK 


-Trm.aU. A 0'- 




X 


73 


*' JIO* 

t ' J 


^ ^ ^ £2^ .RAtf/ DISK /*> ~f£*< 'lJt jcA J2 d~> 

.ybs DISK ‘ 

.POF DISK ~~TxA 7’ 




l8 


U) 

/2v 

VA 

& 

4 


__£_ raw/disk ~ TK*i 2 kL /£zt. aJaLi. 




v/- 


SSO 2Zg . 



os disk 


.£1 


-^Cqp 1 


yuA ioy\ 


,.pof disk AiAL£ TLUL1. 


/ sZsu*\l<_ A o 


_2_ ^7? 1? OQ-l-b . Ylh/ DISK _tl_ ">£ 4 xnf / (PA % 

-§AOZJZ£p_ /os DISK &rA>*k+CTi*^ 

c ,J 3^ .POF DISK AjAJL A~ O 6 


5-r 
1 lid* 


j: 560 2 0 A .km/' disk tf- - 

5 -~f i/ ,j*OS DISK 0j3 C ei A~vt £i 4 I ft 


no 


.POF DISK 


-r^y a o c 


t\)A& • -(■ix-i. .' jo I, I .-(-| 

<1 T- r -p T' 'Y ••■ U— ***"«* ‘i 

J u^s Tc>vJArtJ.5 d^^eiCAS.J 


SSS Form #4 
4/87 
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SELSPOT Data Collection ~ Trials Records 

Investigator: Date: ~^ / "7 

Study: AM*># -^77?^ 

TRIAL FILES ^ COMMENTS ^ 

( f^ 2 _5 ^j?_2£^_.R ai^ disk ii_ "TE 1 ^ ^ 

'Z 5^0 22.8 ^Pos disk ^ 

. POF DISK -7^Jc ^ </X ^ 

, !}* 10 ^ 7 f j£ j^ . RAK^ DISK _Li_ 'Tic 1 * ID X -//tA Tj J’J'i r 2 ~ ^ 

v/ X>0 2, ^ ;/ Pos DISK ^ 

.POF DISK -T<a,*L >i </X S 

— -— ^ 

^ y/ Jl 56 o 3^3 . R AW^ DISK ff ~TXX 

f/5» ^ SO 2-^(5 .i*OS DISK ^ PJj /X liJCo -uV,-. 

.POF DISK v<° /-£.<? ZS ' // - M . 

I? . RA>X DISK ~17X |? T-»V^ ;;<{.k 

\X ( < ^Ol'ZI ,/os DISK y£I 2'> 

.POF DISK 6 ^ 7 £ T 

sL ('i . RAW^ DISK T£^)g Z*Vfd- 

lld c { /^ ZSOZ^’L ./os DISK v^r* 9 I 

r ; J -'6 j .POF DISK Gai* !£■£ A - £.'? 7? - f/j 

*7«w«c, J_2_ ^5_2^3_5__.RAW / disk ~t X*W ^dikc^ . 

« u/ <$_0 Xos disk - ^ 

,2k .POF DISK A* lltij IX ^ 

, ^ 2- ^ .RAW^ DISKA^W 'Tf^K DCih^ fJ'Jr ,;^ 

^ ; ( ^ vx _s_ 6_^5H.% DISK X 6e r^ X~ X - 

1 ' .POF DISK >4 X, £ /? s £o G*’~* ! X 

^ <l 0 ' /X 55£36 *T .raX^disk aU</ 

~ _i5X252T__/0S DISK _ _ 

^ a 4 I )X .POF DISK 0° A*fr.O HjX CX - 1 X 

£»j£^ t- o — s^-_, 


SSS Form #4 
4/87 
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page 




Investigator 
Study: 


SELSPOT Data Collection - Trials Records 

: Ci + dl*- 




Date: 



T-/&T 


TRIAL FILES 5^eJ: faJ 


COMMENTS 


;/*,? c to 
V * 
1*9 


A 


Q_ 6SQ2 . RA Y DISK ft 

^ -SSoi r jk£?_ disk AA.yJi %&. 

. POF DISK Cjd cJaA' C^ cXiiA^L^. 


h> 




S'* A JXi_ _S 5 J 2 A 


>4 




disk dj±£rl _ 

? y < *rOZ.yf J os DISK C nt 

tJ. cU ^ .POF DISK S' S' 







Jt'-y.o 6^ '* / V 


disk £ " T It 7kt/£xL tk^dh 

Uo° ^ &0 ^^.8 ./os disk J. £AJ^SL "*• ' 

.POF DISK Of_ 


^ r G f. 

fW A. ^ 


/fj 


2 £_/ 550 A xl . RAW^ DISK A)a<a & 2-0 jJrftJ 

$S(J 2- ^> “I ,/os DISK 


.POF DISK A* O.y I0A 


..RAW DISK 
..POS DISK 
.POF DISK 


•RAW DISK 
..POS DISK 
..POF DISK 

.RAW DISK 
.POS DISK 
•POF DISK 

.RAW DISK 
.POS DISK 
.POF DISK 


SSS Fora #4 
4/87 


ORIGINAL PAGE IS 
GE EGOR QUALITY. 
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NASA DATA 



MOVEMENT 



OVEMENT DIAGRAM: 

a) Initial position: . 

b) Direction of 1st movement : £ i-fBprf A ^ rC'TA'hJr 

c) Definition of 1 repetition : % fr+fPPA • / 

I*' 


DATA FILE NAME: -S 1-1 t> T Kl V PCT 
MYOLAB I MUSCLE GRP GAIN SCRN CH 




■ FSV 


BL 


CH A 
CH B 

MYOLAB II 
CH A 
CH B 

GONIOMETER 
JT1 : 
JT2: 




■—5 




DOF MEASURED 


I'-ZL 
2 - (, 

SCRN CH 


I.?**// 


■h*C£- 


FSV 


BL 



INITIALIZED DATA FILE SIZE: 
COLLECTED DATA FILE SIZE: ‘Z# 

ADDITIONAL COMMENTS: 


* 5 » 



NASA DATA 





A 


MOVEMENT: 

a) Initial position: /Ve^-f'to 

b) Direction of 1st movement: e.AtUs \ a 

c) Definition of 1 repetition: I 


DATA FILE NAME: 5^1 7 -JW p? . I?/ 1 / 


MOVEMENT DIAGRAM: 






MVOLAB I 
CH A 
CH B 

MYOLAB II 
CH A 
CH B 

GONIOMETER 
JT1 : 


MUSCLE GRP GAIN 

SCRN CH 

• FSV 

bl 


1 ' 


' -.6*1 Z, 


3 - ^ 

; fr5^/y 

VO'S 

DOF MEASURED 

SCRN CH 

FSV 

BL 


2 

. Z/3 

. 0 zV 


JT2 : 


(SAmpLiiJO-RArE : IS 000 - J 7 [ NUMBER OF »N POT CHANNELS AUiVATTb -X-"] «“> 

SAMPLING RATE: 3^ samples/sec MOVEMENT SPEED; FAST MED /f^LOwV 

(^perchannel) V 


NUMBER OF REPETITIONS/SET: 


NUMBER OF SETS 




^<^ct - 6 




INITIALIZED DATA FILE SIZE: pLoV 

COLLECTED DATA FILE SIZE: 


ADDITIONAL COMMENTS: 
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NASA DATA 


: j ^±L ikJz^L 


DATE: 


// 


4g/g?l 


SUBJECT 
INVESTIGATOR( S ) 


/d dd - 


MOVEMENT: 

a) Initial position: 

b) Direction of 1st movement: 

c) Definition of 1 repetition: 


MOVEMENT DIAGRAM: 









■■■■$*$* j > ■■ 7 iw/ 

— 'feAtJ- ‘i -Z- ° C i. T )o^/i -,‘iq^ 


DATA FILE NAME:. 

M VO LAB I MUSCLE GRP GAIN SCRN CH ' FSV BL 

CH A 
CH B 

MVOLAB II 
CH A 
CH B 

GONIOMETER 

JT1 : 

JT2 : 

<-{&€> 

[sAmpuMO-RArE • ^ gg ^ j T [NUMBER OF INPUT CHANNELS ACTIVATED 

SAMPLING RATE: samples /sec MOVEMENT SPEED: FAST MED (SLO^ 

ipercbannel) (pip.b 

NUMBER OF REPETITIONS/SET: ^ 

NUMBER OF SETS : JL 


DOF MEASURED 


SCRN CH 


FSV 


BL 


INITIALIZED DATA FILE SIZE: 3-0 H 
COLLECTED DATA FILE SIZE: *3 





ADDITIONAL COMMENTS: 


NASA DATA 


SUBJECT 




it 


DATE: 




INVESTIGATOR ( S ) : ^ / (^J A rfA>^ 


/ r- r~ MAUrMUKlT 


c^z* / 


MOVEMENT : 

a) Initial position: AJt** 2 '*' t J 

b) Direction of 1st movement: -&y3[aAL**^ 

c) Definition of 1 repet it ion : ^ 

DATA FILE NAME : ^ €X ^ 


MOVEMENT DIAGRAM: 


MYOLAB I 


r 

• f v 

* v 




MUSCLE GRP 


GAIN 


SCRN CH 


' FSV 


BL 


CH A 


CH B 

MYOLAB II 


-jz 

/ - ^ 

/. >d/t <?fr 

CH A 


H 

'L * & 

/.t'oV) 

CH B 





GONIOMETER 

DOF 

MEASURED 

SCRN CH 

FSV BL 


JTl: 
JT2 : 


(sAmpt,M^RAr£ *2^1 It [number of I 

SAMPLING RATE : ^3 ^ samples /sec 

(percbannel) 

NUMBER OF REPETITIONS /SET : __®L 

a 


z 


NPOT CHANNELS ACTIVATED «•> 

sec MOVEMENT SPEED: FAST MED (SLOW, 


NUMBER OF SETS: 


INITIALIZED DATA FILE SIZE: 
COLLECTED DATA FILE SIZE: 


^ trdy I /t£^> 


ADDITIONAL COMMENTS: 




ORIGINAE ?AGS IS f ■ v ^ ~ ‘' ) page 

OF. POOF • '• ' > 

SELSPOT Data Collection - Trials Records 


of <- 


. I 

Investigator: O * * c ^ c 

Study: /-'a-v 


Date 


: A/,,/,4 


TRIAL 


FILES IM.U. fuJ 


.1-: 


COMMENTS 

. / 


__ 5 5 0 3 3. o . RAJf DISK J2_ i ! Xyh-v ytj. j / & £e VT ■? V-. 

i/ ZS oHO _sPOS DISK >V>. ' 

. POF DISK - i* A£Jm % 1_: ^ 

“T * r * - «» 1.: -» t . « 




_ ? _lf (2 £sLL 


; 7 2- .RaW^ 


TC-'-w «- A'*.'* A - H * Z'- < 7.7 

_.RAW^ DISK 1*5 ~T£-* l 'lA fc \ ~ 

_j/POS DISK £_= ¥ H IJLjL 

. . POF DISK r2-^kr_^t_iLll_ 

.RA^ DISK 7v 7 'f/C'S 


Z DISK 
DISK 
.POF DISK 


/i * y -ft* v.b 


_ ^ D 0 3- ^ 3 . rawX disk _W_ “Tirw 

S50.Z^5l— ./OS DISK 

.POF DISK Tfw. U »t 0- 

^ ^ .r a/ disk i h ^3 s' r.-. I- kX rA^_ 


S ^ ^ ^ .RAVf 7 DISK 

^ *>SO ^2-</ .jrfrs d I SK 
.POF DISK 


T;,J< > 


r^' i 


Z . ram/' DISK ' ^ i X* r f 

■ . Pbs DISK f ax’* cf )c> *1 


X^ k^ 


^>0£±2t .^OS DISK f „o nnT<U c r ,o s. 

.pof disk AiiL± Zl1JL±L. 


?su..M 


t fyAp'^'X b ..Ru/ DISK 
_§£>&3zZ£c— -3os disk 


POF disk 


.: J - . RMr DISK 

^OS disk 
.POF DISK 

... i- - <r r i 




SSS Form #4 
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jL- 

•- 4,; . 

; L- r .. ». ' 

^ , K i. 

• » ... a ^ 1 • * * ' 

*' / /- .. 
^ -if -■ 

7> s 

1 • — I 

|+-> i 

1 l 

i v . ^ ^ / 

Til v U'r^' 

1 

< (- L 1 

K ■ r • 7 : 


// L . J- 

j 

-rr-i-A r J 

7?’ 

\ 

\ 

• /• * 

..... o- ( 



oCC, •••', ■’ 



- ify ij L ^?uzn3<l s ; }1 b' 1 X]\f 



^Ppendi x c 



SELSPOT Data Collect i on - Cover Sheet 


Investigator: 

Study: 


ML 






Date: 


Reference File: 
Calibration File: 


Disk: 

Disk: 


Subject Data: 


Name: phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other: 


LED Setup 

1 . lyQTTT)** of gyjier 
2 • 

. 3. 

4. 

5. 

6 . 

7. 

8 . 


Body Diagram 




SSS Form #3 
4/87 


page [ of 


_2_ 


SELSPOT Data Collection - Trials Records 

Investigator: j Date: itsM 

Study: bJ*!* 

TRIAL FILES All -ft**. COMMENTS 

LEV I a 2^ Tip ^upr**t«<w 3 - 

I .RAW DISK 33 6a. 2 7 ft - 7 

^ _%S0_ lpj_ . POS DISK ^ % a f ^ /V^ aJ, ^ 

. POF DISK 

_S__ -RAW DISK _2jL ^ fey /-V jH 

5SOMO .POS DISK 2* _____ T7 


.POF DISK 


3 Ho ||f , 


RAW DISK 


"7**3 


'7/1* lA* 7 1 


..POS DISK 
.POF DISK 


<s*,; A ^ 

B 5 10 


A* 5 5up (SAi* A 

RAW DISK sLL nifiJsfi 

$<>0 ltT~ .POS DISK CovJ ^^' — 

.POF DISK 

jT_ iig. 11 3 _. RAW DISK ffV T/t^ S ^?cM) vjtdf 

-ilOJLLS .POS DISK 

.POF DISK 

_. RAW DISK 5up , l lt^ 7 

. .... / 1 1 1 ft V ‘ 


..POS DISK 
.POF DISK 




jl raw disk y ' 

V> ou<f __. pos disk ••'fk.'ff-? ^ 

~ . POF DISK _____ ^U<ASn^y»dc4 


^ <Z$0\lL .RAW DISK V C*A»p,wj A - 

^0 { iu .POS DISK ^ opotdrU 


.POF DISK 


<ft ? J. ^Ac.uweJ - ' 

5^ 6lMG 


SSS Form #4 
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SELSPOT Data Collection - Triala Records 


Investigator 
Study: 


Date: S/uJiSl 


TRIAL FILES 


l- c 3 -raw 

fs otn . pos 

. POF 


DISK 

DISK 

DISK 


COMMENTS 




A ll S±!2^L' L?L 


l_0_ 5 5 0 1 ) .RAW 

£$<>//£ . pos 

.POF 


DISK 

DISK 

DISK 


A-i £j_3__ ~ T ~ 


JJ 






.RAW DISK 
-POS DISK 
.POF DISK 


RAW DISK 
_.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
..POS DISK 
.POF DISK 

..RAW DISK 
.POS DISK 
.POF DISK 


.RAW DISK 
.POS DISK 
.POF DISK 


SSS Fora #4 
4/87 



Calibration Data 

Calibration File: 

C* 1 1 . ri ? 

Creation Date: 

Yhityi - - 

Reference File; 


Creation Date: 

ijidJtL _ _ 

Investigator: 

s 


PROMS: 
AIM Alt: 


Analog? 


C3.VI: Field of View 


X 



Caml 

f'J 

- 


Cam2 

JCt 

-3? 

No. of Frames used in 

cal i brati on : 



' Caml 

/oc 

Car 

Average Distance: 

Caml 


Car 

Camera Set-up: radius 

Caml 

-Li. jjrr 

Car 

angl e , 6 




>/ti It 

Caml 


Car 

hei ght 

Caml 

_ 

Car 


Di agram: 



File Ti ties: 


Comments: 


fid —.tf s'ecfr 


SSS: Form #1 
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Reference File: 
Creation Date: 


Reference Creation 



Disk: ' 


Investigator: 

Study: 



Reference Description: 







LED 

# 

Coordinates (in 
X Y Z 

mm) Detected 

Caml 

Light Level Aperature 

Cam2 

1 



Caml 

2 

3 


— 

Cam2 

4 




5 




6 




7 




8 




Analog 

Ch. 

• 

• 

Units Offset 

Scale Factor 

Description 

1 

A\\/ 

-,f<T 


2 

,r J 



3 




4 




5 




6 




7 




8 









Reference Diagram: (mark and number LED locations) 




For hanging reference: Front track 

Back track 


SSS Form #1 
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NASA DATA 


DATE : K- 


SUBJECT: Pfckv TuiagUfl 

INVESTIGATOR { S ) 


MOVEMENT: UO&tVT gxTTosio/d -(W '*/*** hold 

a) Initial position : wJ^oVro-G 

b) Direction of 1st .movement: 

c) Definition of 1 repetition : Eyi<«i»iun. - 

UO^ST FE 2 . _ 

DATA FILE NAME : gm7. ‘ ~E>4T 


MOVEMENT DIAGRAM: 



MYOLAB I 
CH A 
CH tfA 
MYOLAB II 
CH A 


MUSCLE GRP 


GAIN 


SCRN CH 


FLEXORS 

■ 6i i TW.V«& 

DMLWGS i fc? TL ^ 


_ _ 




ip 


\ 

2^) 


FSV BL 

*W\ -Mzi 


.e?s 


CH B 

GONIOMETER 
JT1 : 

JT2 : 


DOF M EASURED 

iO£tvr exte»osio»0 


SCRN CH FSV BL 

3 = 3 1-106 l.USO 


SAMPLING RATE: 2QOO samples/sec MOVEMENT SPEED : (fASJ > MED SLOW 

5 ' 400 /c km*U. 

NUMBER OF REPETITIONS /SET : G> 

NUMBER OF SETS: 

INITIALIZED DATA FILE SIZE: 2<>4feQO 

COLLECTED DATA FILE SIZE: 3S4 2 1 


ADDITIONAL COMMENTS: 
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NASA DATA 


SUBJECT:. I 

INVESTIGATOR ( S ) : 


DATE : 11 


MOVEMENT : W r\t?V ' MOVEMENT DIAGRAM : 

a) Initial pos ition : KJwj^aJi . . | 

b) Direction of 1st movement: l 


c) Definition 
DATA FILE NAME: ' 

of 1 repetition: 

£f%rt F r AT 



/e.l 

Ay 

i$c^i *- qo 

MYOLAB I MUSCLE GRP GAIN 

SCRN CH 

' FSV 

BL 

CH A 

HKfffisCfcts 

K. 

|.^>8 

-?20 

CH B 

MYOLAB II - - 

fLEKOes 5-(fi 

2 

l-TOS 


CH A 





CH B 





GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

JT1 : 

U*i*r/Fi,x/6*r 

3 

ITofe 

1-3% 

JT2 : 






[sAmPUislO-RATE : 40Q_ ] T [NurrtBEROF I M POT CHANNELS ACT»0A7^b _|L— "] 

samples/sec MOVEMENT SPEED: (FAsT 


SAMPLING RATE: 300 

(^perthannel) 


NUMBER OF REPETITIONS/SET: 
NUMBER OF SETS: 3 


MED SLOW 


^Sp6LXLo-| 


INITIALIZED DATA FILE SIZE:. do^oo 
COLLECTED DATA FILE SIZE : __Jpfr2lJ2 


ADDITIONAL COMMENTS: 


255 



: lOfc.i>T FL{*l<S>/ ^^^ 0 /^/ +C f^- pLH °MOVEMENT DIAGRAM: 

it ion : ^ / )CUr l l)j J , 

f 1st movement: i^T ' ^ 


MOVEMENT 

a) Initial pos 

b) Direction o 

c) Definition of 1 repetition: 

FLX/£*T 


DATA FILE NAME: £ 



c?y.v. 


MYOLAB I 

MUSCLE GRP GAIN 

SCRN CH 

• FSV 

BL 

CH A 

$ 

l 

- -• 


CH B 


-2- 

*■%$*! )* 

- 07 $ 

MYOLAB II 
CH A 
CH B 





GONIOMETER 

DOF MEASURED. 

SCRN CH 

FSV 

BL 

JT1 : 
JT2 : 

'M 

3 -5 

\no%J> 



SAMPLING RATE: 


HOO 


samples/sec MOVEMENT SPEED :/FAST ) MED SLOW 


reXt /c Wr\£ | = £>0 /UXL. 

K1UMRPR DR RFPFTTTTONS/SET: 0 > 


NUMBER OF REPETITIONS/SET: 
NUMBER OF SETS 


INITIALIZED DATA FILE SIZE: l Od-^CD 

COLLECTED DATA FILE SIZE: "7453 


ADDITIONAL COMMENT 


1 / 
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NASA DATA 



MOVEMENT: UtelbT FUg*\W&/ »«R<e‘2- Pu40^ MOVEMENT DIAGRAM: 

a) Initial position iJkfljr'fOjC'' jl ■ * 1 ^ 

b) Direction of 1st movement \ 

c) Definition of 1 repetition : j/\/ 

DATA FILE NAME: (a){ Y g X l\ . b&T' 

MYOLAB I MUSCLE GRP GAIN SCRN CH • FSV BL 

CH A £££**_._«_ . A ' <A*b. _-_■<]$ - 

CH B £> 4S ^ <& 5^1 1 -°^¥> 

MYOLAB I! 

CH A 
CH B 

GONIOMETER DOF MEASURED SCRN CH FSV BL 

JT1 : ”3 'S \»7oS/j g 3 £ 3 

JT2 : 

SAMPLING RATE: ^3/V) samples/sec MOVEMENT SPEED: FAST /METk SLOW 
<aXt fc\4u\i\i\ * <^0 
NUMBER OF REPETITIONS /SET : 

NUMBER OF SETS: 

INITIALIZED DATA FILE SIZE: /£> <2. Vff D 

COLLECTED DATA FILE SIZE: %0&3 

ADDITIONAL COMMENTS: 

iW^ Ww torus /. . y t 

. / 1 „ ./.W LL *aJ- - aPuXL 
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Investigator: 

Study: U M 

Date: 

Reference File: 

Calibration File: 




Disk : 
Disk: 


Subject Data: 


Name: phone 

Age Height Weight _ 


Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 


Other : 


LED Setup 

1 • of 

3 . 


4 . 


5 . 


6 . 

7 . 

8 . 



Analog: 



rU<c>4 


Body Diagram 





SSS Form #3 
4/87 
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page l of _ 


1 . 


^ / -V" 


Investigator: 

Study: 


SELSPOT Data Collection - Trials Re cords 


Date 




TRIAL FILES AH ^ pe vlic — COMMENTS 

LlV I - ^ r Hie /\ i p.. ■.».(. 75> - i' ■ft- • 1 '- 

__/ 2 12. 121 • RAW DISK JT3_ A • 7 “ 5 - 7 


_S50_l_dj_ . POS DISK ^ '/TknJ,^ 


POF DISK 


Lt? -Raw disk Tkc a ■ '• ?r- ^ 

a > ■ A n m n M v *n -7 < 


SSO MO 


..POS DISK _«?? 
POF DISK 


3 


_ll£LLL£ -RAW DISK _ 2 j>_ 5 u|pfe^> »V 

.POS DISK 


.POF DISK 


A * 5 up T 5 >ce.o \^>a, ■« n ' 

_3_s 0_Ll5k__- RAW DISK ^Sf_ ~TiZ * V W.n » f>~ / *1? ) i*.p . H "' ' 


;. 4 -« 


^ ^ o // 


..POS DISK 
.POF DISK 


f 3 Cot.erM^.fA-- 


inp' 


< 


f'oiK t'Z* 

5 3011 3 .raw disk o3/_ T/C.^ S" 5u^ 

foO If ** .POS DISK Ci.^2} 


POF DISK 


-RAW DISK J2y Jjs.^jk 

.POS DISK (H Ate) 

.POF DISK 

_. RAW DISK _J__ Fl& snt* 

_. pos disk -fk *? .i /Im-Av v- r> 




V>QU<? 


_ll_ 


POF DISK 


.RAW 


ft, 1 -- : .r^ J l'-...{ f-lv ) 


v > 


SSS Form #4 
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page 


S ELSPOT Data Collection - Trials Records 


Invest! gator : 
Study: 


Date : 



TRIAL FILES 


COMMENTS 


1 "SSOII^ . RAW 

DISK 

CS 0/0 .POS 

DISK 

. POF 

DISK 

iO 55 0 I | # . RAW 

DISK 

^Sod 3 .pos 

DISK 

.POF 

DISK 

.RAW 

DISK 

.POS 

DISK 

. POF 

DISK 

. RAW 

DISK 

.POS 

DISK 

. POF 

DISK 

.RAW 

DISK 

.POS 

DISK 

.POF 

DISK 

.RAW 

DISK 

. POS 

DISK 

.POF 

DISK 

.RAW 

DISK 

.POS 

DISK 

. POF 

DISK 

.RAW 

DISK 

.POS 

DISK 

.POF 

DISK 


* A ^ 7 ~ I 

T ft ^ ~ C/>Z£^ 

/I /| - ^oog/ t 4 ? J: Iv'O^ 

C t / - “7“ 


_57 _ 7£lJj- Li Tiii : f ^ ' v 

’ / ~r t t~ 3 ~ r 


/ Ti.J. s - t ‘ f 


SSS Form #4 
4/87 
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NASA DATA 


p.&uuj// y /c,/ ' 3/& ^ 

IN VEST I GATOR ( S ) • T 


SUBJECT: 


MOVEMENT :"TKu^b AWA&& u>/ 

a) Initial position: frBwc-t0b 

b) Direction of 1st movement iffiPi’c 

c) Definition of 1 repetition 


DATA FILE NAME 


: T71D fl&T. M7L 


MOVEMENT DIAGRAM,: 
roltn 

f 1,1 / 


MYOLAB I 

MUSCLE GRP 

fiBM’Cjcf 

GAIN 

SCRN CH 

C H A 

Poi&ks. 

.5. 

. . 1. . 

CH B 




MYOLAB II 
CH A 
CH B 


- - - 


GONIOMETER 
JT1 : 

JT2 : 

DOF MEASURED 


SCRN CH 



FSV 


BL 


coco*>7~#-fle^o^J 

r SAMPLING RATE: <3~0z) samples/sec MOVEMENT SPEED: FAST ffjETT? SLOW 
L) pc^cKftn tul = 2COvScvm^tuo /€*£■- 
NUMBER OF REPETITIONS /SET : 

NUMBER OF SETS:_ 

INITIALIZED DATA FILE SIZE: /o^VJr) 

COLLECTED DATA FILE SIZE: & */ 


ADDITIONAL COMMENTS: 


frjldpM] lh#97l/- 
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NASA DATA 



MOVEMENT :”Thu**ib ADD/ABD, / 


a) Initial position : . , _j pAh™ SopiAJAi'&d 

b ) Direction of 1st movement ^‘' TV ?irrJ rd p/ap*-e- 

c ) Definition of 1 repetition : c><A fayy y 4 ,y> / 


MOVEMENT DIAGRAM: 


DATA FILE NAME: •~77}t> A3.-&AT 


MYOLAD I 
CH A 
CH B 

MYOLAB n 
CH A 
CH B 


MUSCLE GRP 


GAIN 


t/iAjUy 

L-+o i^t}eA.-fi«cjer" *Aa^it\a£fiXou\G. ) 

SCRN CH FSV BL 


M>* oc 1*C . , 

Po)\Ui, S 3 / 3- L H 7/t ' ‘ $3s/ 


GONIOMETER DOF M EASURED SCRN CH FSV BL 

JT1 : 

JT2 : 


.SAMPLING RATE: c3^Z/ sampIes/sec MOVEMENT SPEED: FAST<cHEir> SLOW 

1-7 pt*Xh<WUV£,l " ZOO /.6AC __ 

NUMBER OF REPETITIONS /SET : , zZ_ 


NUMBER OF SETS: 


INITIALIZED DATA FILE SIZE: c2 

COLLECTED DATA FILE SIZE: 73&J2 


ADDITIONAL COMMENTS: 


( jflrf- 'iAumi/t- ~pd 



y> 


fM 
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NASA DATA 



MOVEMENT: "Pi nky 1 * ABd/APD 

a) Initial posit ion ADOt'C'Ktfx) 

b) Direction of 1st movement : $£Di-c t 

c) Definition of 1 repetition : frfyj 


MOVEMENT DIAGRAM: 
PA/ A' D 0*>*> 


lo< -jh /A e/?_. 


DATA FILE NAME: 'V mM DftT 


MYOL AB I 
CH A 
CH B 

MYOLAB II 


MUSCLE GRP GAIN SCRN CH FSV BL 


A6D uciod . 

jj , & I T / /n v At I At. I 


.a 


CH A 


CH B 

GONIOMETER DOF MEASURED SCRN CH FSV BL 

JT1 : 

JT2 : 


•SAMPLING RATE: &0t) samples/sec MOVEMENT SPEED: FAS t CMBS SLOW 

-? ^ * I OD sScw^p-tk) /uc* 

NUMBER OF REPETITIONS/SET: £_ 

NUMBER OF SETS: ^ ^ 

INITIALIZED DATA FILE SIZE:, / OP' < /0£) 

COLLECTED DATA FILE SIZE: jp ^OQ 


ADDITIONAL COMMENTS: 
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SELSPOT Data Col lection - Cover Sheet 


Investigator: 

Study: 

Date: 

Reference File: 

Calibration File: 


A Uacbt^j / Uchxc-fr 


0 


Disk : 
Disk: 


Subject Data: 

Name: «J - — 

Age Height 


phone •_ 

Weight 


Segments Lengths: Forearm 

Upper Arm 
Trunk 


Thigh 

Shank 

Foot 


Other: 


LED Setup Body Diagram 

1 - -JPMkC 


2 . J 



8 . 


vi<*0 


Analog : 

/Kit - P a i Wd Or 

fo^TWOf bfLTbib 

— ifete ls - fa-ktttt/ cfd'kxA- 


SSS Form ft 3 
4/87 



Reference Creation 
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Reference File: 
Creation Date: 

Investigator : 
Study: 




I_! 

fcJjSiA. iSi 'L 1 '’ 'z?^r±- L 
; udK z 


Disk: / ^ 


Reference 

Description: 

/ 'hIac^ 

"2^ _ 






/ 

T — 


LED 

Coordi nates 

(in am) Detected 

Light Level 

Apera ture 

* 

X 

Y 

Z 

Cam 1 

Cam2 


1 

O 


0 


? 

Caml j 

2 

o 

l^12- 

o 

S’ 

1 . 

Cam2 ( 

3 


S'« _ 

0 


7 ... 


4 

S3J- 

_ 

_ 

_ £_ 

Jo 


5 


r/t 


_ SI 

? 


6 

P 

lojy 


10 

to 


7 

SIX. 



fs 

~r 

f 


8 

511 L 

IQS2:— 

_£TJ_ 

_ 1 

£2.. 



Analog: 

Ch. Units Offset Scale Factor Description 

1 Jit. 

2 

3 

4 

5 !£_£_ 

6 

7 

8 



Reference Diagram: (mark and number LED locations) 



For hanging 


SSS Form #1 
4/87 


reference: Front track 

Back track 







h 


Cal i brat i on 

Data 



Calibration File: 

bJSCAL. 


Disk: 

n 

Creation Date: 

*r- c* • %'f 




Reference File: 

N'> *>>1 . rus 


Disk: 

i? 

Creation Date: 

*> - /V - 




Investigator: •- <•-*- 

Study: 

Nfi'-h 



PROMS: jXgo Ji4 

AIM Alt: J 


Anal og 


C 3. VI : 

Fi el d 

of View 

Caml 

X 

4* 

y 

Vo 





Cam2 

_4L_ 



No . of 

Fr ames 

used in 

cal i brati on : 



Average 

Di stance: 

Caml 
Cam 1 

too 

Cam2 

Cam2 

Loo 

ziiivj. 

C ci rn £■ r - ci 

Set-up : 

r adi us 

Caml 


Cam2 




ang 1 e , 6 







tilt 
hei ght 

Caml 

Caml 


Ccim2 

Cam2 

flJSSc.- 
JJ J (~= 


Di agram 


Comments : 


SSS: Form it 1 
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SELSPOT Data Collection - Trials Records 


Investigator: 
Study: __ 


Date 


: ihlkt. 


TRIAL 


FILES 


S_ Ko\o i 
-iioLai. 


Ga.~ comments 

T5T5 


..RAW 
,.POS 
. POF 


.raw 


DISK it -fc 1 *? £1^ A '• 

DISK .13 Aiitli J 

DISK 

&'.k A Me 

disk _Zp_ Y / 




.POF 

DISK 




jl - 

■$•>010 3 

.RAW 

DISK 




^■5 o 1 o 1 

.POS 

DISK 

M. 

A - 

Ekt 



.POF 

DISK 

;L~ • 

.OS- C l 'S (•-: 

* 

i '7 
iXLLI 


.RAW 

DISK 


Y/C^IT. SIuJLL tfl.KtX-' fiosf 


35£i «Jf 

• POS 

DISK 






_. POF 

DISK 









A 10 'ft * 3 


, 

6ioiD} 

.RAW 

DISK 

21 


- iUJ fi 


<$oio*r 

.POS 

DISK 

cO 





.POF 

DISK 




. f 

( o£ 

.RAW 

DISK 

XI 

t* *JX f(l^.£kx. 

-<L.J.k . 


$So|Q6 

_.POS 

DISK 

AL 

A--\o IS ' ’L 




_. POF 

DISK 

— 

— 


wd.i 

$$o\c>y 

_. RAW 

DISK 

\ > ' 

_C££_ 

e'lu, fu 

’ 7 JL 


55 fo % 

. POS 

DISK 


/*-•& *£ 




.POF 

DISK 




v y'_ 

6$o\q 8 

.RAW 

DISK 

c • r 

\ L t'lLo^j ft-. 

, itJi 


& alas... 

_.POS 

DISK 

2J2:_ 

- i 

* * :*_*{*» 

1 : 

* 1 ” i ^ 



_. POF 

DISK 


N 
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MOVEMENT: 

a) Initial position: cy>- , .. -./ 

Direction of 1st movement: 'S’ 1 ®* '<>• 

Definition of 1 repetition: 

ft** ■ evf 

DATA FILE NAME: 


MOVEMENT DIAGRAM: 


b) 

%c) 


MYOLAB I 

MUSCLE GRP GAIN 

SCRN CH 

• FSV 

BL 

CH A 
CH B 

AJ ?Jf 

/ - / 

. m// 

-.^r<5 

MYOLAB II 


Z * z 

■m/i 


CH A " " 


1*6 

.'2/V/ 

ifc 

CH B 

GONIOMETER 

DOF MEASURED 

SCRN CH 

FSV 

BL 

JT1 : 

5M>VLjl£XFtj/£XT 

</ = 3 

/, £ 0 ^ 

* ?«7 


JT2 : 


[sAmpuMO-RAfE : 3 - 000 - J T [ NUMBER OF INPOT CHANNELS ACTIVATE »> 


SAMPLING RATE 

£per channel) 


samples/sec MOVEMENT SPEED: FAST ('meB) SLOW 


£ 


NUMBER OF REPETITIONS/SET:. 

NUMBER OF SETS : 0 

INITIALIZED DATA FILE SIZE: *4 ‘tT 6 & 

COLLECTED DATA FILE SIZE: 0-0^^° 6 


2 . jdX *>0(5 


/Up 


* 


ADDITIONAL COMMENTS: 

AIm- j*l*j*. , 

€Uo^ 

CV/t»vJ 
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fa I Jo 


Investigator: ^ , , 7 -- - - 

Study: J fa ^ fa * " , ■ 


Date: 





/a 


Reference File: /J^o 1 RJZ-- f. ■ -J- f 0 

Calibration File: 


Disk: s/ ^3 

Disk: clB 


phone 

Height _ 

Segments Lengths: Forearm Thigh 

Upper Arm Shank 

Trunk Foot 

Other: 


Subject Data: 
: 


Name 

Age 





57 


Height 


LED Setup , 
1 • 


2. g/i*vJ 

3. 



Analog: 


‘Bic<p ice-r^ 

iZ uh- / aZ v° 


Body Diagram 




ft 

1 


y 
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Calibration Data 


Calibration 

File: 

A/euJ&A L ■ 1° 

Disk: y 1 3 

Creation 

Date : 

"f/io /v?- 


Reference File: 


Disk: Z j -±l22 


Creation Date: -V/a T<A 


Investigator: C J+tMj i- Study: A 


PROMS: 2 0-0 f-/-^ 


Analog? 


T~ 

AIM Alt: 















C3.VI: Field of View 


X 

Y 



Caml 


ZlZ 



Cam2 


s- jv* 


No. of Frames used in 

calibration: 




Caml 

_JM 

Cam2 

loo 

Average Distance: 

Caml 

.35/ 

Cam2 

.f36 

Camera Set-up: radius 

Caml 


Cam2 


angle ,0 





tilt 

Caml 


Cam2 


height 

Caml 


Cam2 



Diagram: 
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Reference Creation 


Reference File: 

/Vo J/Lcl 

Disk: 53 

Creation Date: 
Investigator : 

I 

1 

1 

1 

1 

1 

1 

1 

1 1 
1 1 
1 1 

1 ! 

JJ 

1 

1 



Reference Description: 

LED Coordinates (in mm) 


X 

Y 

Z 

0 

0 

0 

o 


o 

tt.o 
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0 

<r r ; o 

£#-J> _ 

0 

o 

■o 


a 


KJL 

£ 1-0 

0 


o 

_5%A 



Detected Light Level 
Caml Cam2 


Aperature 

Caml _i_ 
Cam2 


Analog: 

Ch. Units Offset Scale Factor 


Description 


Reference Diagram: (mark and number LED locations) 

Reference plane: V 

front X- 


For hanging reference: 
SSS Form #1 


Front track 
Back track 






Camera view display 
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* / 

Cl s'l?. 

74 


n 


»*• 


^ x .734 


"£3-/ ! Cik.-Jcf-' 


Investigator: . - 

Study: /V44 a * i £* • -.- 


Date 




TRIAL 


FILES 




COMMENTS 


_[ StfQX^C. .RAW DISK T£* 1 gefct i.'~» - CU*J fSj 


^ ^ SQZB U . POS DISK £ 1 7? i ( ^ V 

. POF DISK ft* 7 /t; op - j 


(S A - j / 


O// 




ft 7 


l£gjL£ 7 .POS DISK 

.POF DISK 

4bo%q<i .RAW DISK 


*>S02B& POS DISK 
.POF DISK 


5 ^ 2 S 4 


J&sqzHo. 


..POS DISK 
.POF DISK 


..POS DISK 
.POF DISK 


-A 1> 

ft 5 -9- 


T/C^3 fcc^.Ui, 

/ s ft; - ^ 


75* "TV. * 9 

Tt^r ^ To- <>i\ < 


T~ 

Sd CkC: 

. ■ i - 

pbO*!- t *-v-x. 


» 




C_ ^ 6 t) | .RAW DISK Afrfc & J2L£ c L ’v-u Co A<4 1 

• POS DISK A'- 2 ' I ft: 


! 0 r\ 


.POF DISK 


V- V -- Tic,’ 


£ -5^0 3-j ^ .raw DISK //*■>» £ T^9- 

.POS DISK /4 -fi; 

.POF DISK ft'-Tn'. 


3_ .RAW DISK C ~W-H lU+Xi^ J CfiZ 

.POS DISK AV^ 
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Investigator: 
Study: 


Date: 


TRIAL 

FILES 



COMMENTS 

q 

<>602 ‘I 1 ! 

• RAW 

DISK AW? 


10 


. POS 

. POF 

DISK 

a < n: 


DISK 

15-- T*r 


. RAW 

DISK 

DISK 

"7 -0 

n 


.POS 

A-?. --2 ] 


• POF 

DISK 

y*-T*’ * ft 

^0 2-U 

.RAW 

DISK 




.POS 

DISK 

A • f\+ft , ~ ) (Sa>k - 1?< 



.POF 

DISK 

7? 4 'Voi , l < ) i - ** 



.RAW 

DISK /'W’) 





.POS 

DISK 




.POF 

DISK 




• RAW 

DISK />WY 

'b 



.POS 

DISK 

r- 1 u 



.POF 
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y>' % . ... .... ._. ... . 
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.RAW 
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/A'- i ; 



.POF 
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.RAW 
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.RAW 
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Investigator: Date: 

Study: 


TRIAL FILES 


COMMENTS 






660^0 % 


^0 30 




34 <3 


1 RAW 

DISK 

-J£* 1? 

Jlr-jjl 
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DISK 



POF 

DISK 

V>' <.0 


RAW 

DISK 
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, ? j- ; ' 

POS 

DISK 

A- Ar}. vjy 


POF 

DISK 

~f> ' l~»^. '^cnL'n 


RAW 

DISK 

=A 
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/ 4 J~ j 
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DISK 

A AJ.fJUt' 3 

1 

POF 
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-f,'. VoW 

1 11 ■ . _ A-c » ^ 

RAW 

DISK yJA ml 

-it "to is** J A . ^ 

11 .i- > ' 
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DISK 

A '■ f'r* VA h 


POF 
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T) ' 


RAW 
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NASA DATA 


DATE : / h 


SUBJECT: 


INVESTIGATOR ( S ) i 


'll r 


,4 ‘ ■ 

MOVEMENT: A/ 1 6 r R D MOVEMENT DIAGRAM: 

a) Initial position : ^ * +v/vl>vP , 

b) Direction of 1st movement : (zlBok 

c) Definition of 1 repetition :£1&ohJ ^ / 5 ,'c 

ly , \ h &&■' l*iJ 

DATA FILE NAME: . D AT 


MOVEMENT: R&0C*\\ \f0o 

a) Initial position : £ v +v/vl>vP 

b) Direction of 1st movement: 

c) Definition of 1 repetition 


MYOLAB I 


MUSCLE GRP GAIN SCRN CH 



CH A 


ji,y _ 

1 

,$.$*-/ 87<> 

1 H 

CH B 

' la f 

■ 3 - 


1.1 0<i - 

1? 

MYOLAB II 


■ - - 



CH A 

fr^tsoc’t- X)Jk 

V i 


l. 10% oo 

§ 

<3 

CH B 

V*M 

6 

7 

t 

# 6 *■// 1 H 7 0 

GONIOMETER 

DOF MEASURED 


SCRN CH 

FSV BL 


JTl : 

1 


3 

. -77^ 


JT2 : 

fsMO T t^ccp 



, 4*7 ’ 5 • 

VJ 


1 (VW h\ct?H 

■ - - 



><D 

SAMPLING RATE 

aooo 

: Qj= 0 . j samples/sec 

MOVEMENT 

SPEED: FAST MED ^LO 

l 


NUMBER OF REPETITIONS/SET 
NUMBER OF SETS: o? 


: & 


INITIALIZED DATA FILE SIZE: 
COLLECTED DATA FILE SIZE: 

ADDITIONAL COMMENTS: /> 


100 /< 


jv 


cj. , - 0fV7A A)f fos+aw 

iK " 


t>cm of-f /e- 


